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[Public  Resolution— No.  48.] 

Joint  roBolutton  to  print  the  Agricultural  Report  for  eighteen  hundred  and  eighty-eight. 

Resolved  by  the  Senate  and  House  of  Bepresentatvies  of  the  United  States  of  Amer- 
ica in  Congress  asseitibled,  That  there  be  printed  four  hundred  thousand  copies  of 
the  AtiTnm.1  Report  of  the  Commissioner  of  Agriculture  for  the  year  eighteen  him- 
dred  and  eighty-eight ;  seventy  thousand  copies  for  the  use  of  tlie  members  of  the 
Senate,  three  hundred  thousand  copies  for  the  use  of  the  members  of  the  House  of 
Representatives,  and  thirty  thousand  copies  for  the  use  of  the  Department  of  Agri- 
culture, the  illustrations  for  the  same  to  be  executed  imder  the  supervision  of  the 
Public  Printer,  in  accordance  with  directions  of  the  Joint  Committee  on  Printing, 
said  illustrations  to  be  subject  to  the  approval  of  the  Commissioner  of  Agriculture ; 
and  the  copy  for  the  illustrations  of  said  report  shall  be  placed  in  the  hands  of  the 
Public  Printer  not  later  than  the  twentieth  day  of  December,  eighteen  hundred  and 
eighty-eight,  and  the  copy  of  the  text  not  later  than  the  first  day  of  February,  eigh- 
teen himdred  and  eighty-nine. 

Sec.  2.  That  the  sum  of  two  himdred  thousand  dollars,  or  so  much  thereof  as  may 
be  necessary,  is  hereby  appropriated,  out  of  any  money  in  the  Treasury  not  other- 
wise appropriated,  to  defray  Uie  cost  of  printing  said  report. 

Approved,  October  20,  1888. 
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REPORT 

OF 


THE   COMMISSIONER  OF   AGRICULTURE. 


U.  S-  Department  op  Agriculture, 

Commissioner's  Office, 
Washington,  D.  (7.,  Decerriber  1st,  1888. 

To  the  President  : 

I  resi)ectf Tilly  submit  my  fourth  annual  report  as  Commissioner  of 
Agriculture. 

Seed-time  and  harvest  have  recorded  again  the  intentions  and 
fruitions  of  the  agricultural  year.  A  season  of  abundant  if  not  ex- 
cessive moisture,  as  the  previous  one  was  of  deficient  rain-fall  and 
consuming  heat,  it  has  still  been  fruitful  in  a  high  degree.  The  soil 
has  doubtless  yielded  its  wealth  the  more  generously  from  the  fer- 
tilization drawn  from  its  depth  by  the  drought  of  the  previous 
summer.  Though  the  winter's  severity  touched  the  wheat  crop  in- 
juriously, the  summer's  favors  came  near  to  full  reparation  for  the 
injury,  while  the  spring-sown  grain  was  less  f ortimate  in  its  history. 
There  is  such  variety  of  soil,  climate,  and  product  in  our  broad  -do- 
main that  a  blight  in  one  section  is  a  blessing  in  another;  and  in 
the  same  district  a  drought  that  parches  the  uplands  may  dry  the 
bottoms,  while  rains  that  fertilize  the  hills  may  flood  the  valleys. 
Thus  compensations  repair  disasters,  unless  caused  by  want  of  thrift 
or  lack  of  industry  in  the  cultivator.  A  famine,  the  reality  that 
affrights  so  many  countries,  is  a  phantom  in  this  of  which  tho  peo- 
ple have  no  present  fear. 

The  Department  has  continued  its  efforts  to  apply  the  latest  results 
of  scientific  discovery  to  agricultural  practice.  Its  aim  is  ever  prac- 
tical, in  the  direction  of  economy  and  variety  in  production,  through 
the  union  of  science  and  experiment  and  the  advance  of  rural  edu- 
cation. 

I  am  pleased  to  record  that  the  past  year  has  been  one  of  much 
greater  activity  in  the  Department  than  it  has  ever  before  experi- 
enced.   The  work  of  the  new  sections  and  branches  organized  in  the 
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Department  will  prove  of  great  value  to  the  future  agricultural  op- 
erations of  this  country.  The  investigations  made  have  excited 
popular  interest,  and  the  results  obtained  have  not  only  been  helpful 
to  the  farming  class,  but  some  of  them  are  significant  in  that  they, 
in  a  measure,  anticipate  the  still  further  development  of  the  wonder- 
ful agricultural  resources  of  the  United  States. 

AGRICULTURAL  EXPERIMENT  STATIONS. 

The  appropriation  of  $15,000  per  annum  to  each  of  the  States  and 
Territories  which  have  established  agricultural  colleges  or  agricult- 
ural departments  of  colleges,  in  accordance  with  the  act  of  Congress 
approved  March  2,  1887,  has  led,  according  to  the  latest  accounts  at 
hand,  to  the  establishment  of  new  stations,  or  the  increased  develop- 
ment of  stations  previously  established  under  State  authority,  in 
thirty-seven  States  and  one  Territory.  In  several  States  two  or  more 
distinct  stations  are  in  operation  ;  in  others  the  stations  have  several 
branches  under  one  management.  Counting  these  latter  as  single 
stations  the  total  niimber  at  present  is  forty-two,  but  counting  the 
branch  stations  separately  the  total  number  would  not  be  far  from 
fifty. 

The  first  agricultural  experiment  station  in  the  United  States  was 
established  in  Connecticut  in  the  year  1875.  The  example  was  fol- 
lowed elsewhere  until,  in  1886,  some  seventeen  of  these  institutions 
fiid  been  organized  in  as  many  States.  This'  rapid  growth  of  an 
enterprise  for  elevating  agriculture  by  the  aid  of  science,  its  espousal 
by  the  United  States  Government,  its  development  to  its  present  di- 
mensions in  the  short  period  of  fourteen  years,  and,  finally,  the  favor 
with  which  it  is  received  by  the  public  at  large,  are  a  striking  illus- 
tration of  the  appreciation  on  the  part  of  the  American  people  of 
the  wisdom  and  the  usefulness  of  calling  the  highest  science  to  the 
aid  of  the  arts  and  industries  of  life. 

This  enterprise  in  the  United  States  is  indeed  only  a  part  of  a 
more  general  movement.  In  Europe  experiment  stations  have  been 
a  prominent  feature  of  agricultural  progress  during  nearly  forty 
years,  and  with  constantly  increasing  number  and  effectiveness. 
At  the  moment  that  this  is  being  written  a  request  comes  to  the  De- 
partment for  documents  pertaining  to  agriculture  in  the  United 
States  for  the  use  of  persons  engaged  in  establishing  experimental 
farms  in  a  province  in  India  still  under  the  control  of  a  native  inde- 
pendent prince,  who  is  using  this  instrumentality  for  the  elevation 
of  the  agriculture  of  his  country. 

Most  of  the  new  stations  are  in  actual  operation.  Bulletins  and 
reports  have  been  published  giving  accounts  of  their  organization 
and  experimental  and  other  work.  The  investigations  cover  a  very 
wide  range  of  topics  of  interest  to  the  farmer.  The  stations  have  in 
nearly  all  cases  manifested  their  wisdom  in  entering  upon  inquirieB 
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especially. adapted  to  the  localities  in  which  they  are  situated,  without 
neglecting  subjects  of  more  general  interest. 

The  present  is  an  auspicious  time  for  this  undertaking.  In  the 
history  of  no  nation  before  have  there  been  such  a  thirst  for  knowl- 
edge on  the  part  of  the  great  masses  of  the  people,  such  high  and  just 
appreciation  of  its  value,  and  such  wide-reaching,  successful,  and 
popular  schemes  for  self -education;  never  before  has  the  great  agri- 
cultural public  been  so  willing  and  indeed  so  anxious  to  receive  with 
respect  and  use  with  intelligence  the  information  which  science  offers; 
never  before  has  science  had  so  much  to  give.  The  prospects  then 
for  this,  the  largest  scientific  enterprise  in  behalf  of  agriculture  that 
any  government  has  undertaken,  are  full  of  promise,  notwithstanding 
some  manifest  dangers  which  lie  in  the  way  of  its  progress. 

These  dangers  are  those  due  to  the  crudeness  of  such  enterprises 
in  their  early  stages,  to  the  lack  of  experience,  and  to  political  and 
other  complications.  Crudeness  will  pass  away  and  experience  will 
come.  The  greatest  danger,  that  of  political  interference  and  ma- 
nipulation, needs  to  be  carefully  guarded  against.  Whenever  it 
is  understood  that  anything  but  special  fitness  constitutes  qualifica- 
tion for  i)ositions  in  the  management  or  work  of  these  institutions, 
deterioration  in  the  workers  and  the  work  is  sure. 

On  the  other  hand,  there  is  great  cause  for  encouragement  in  the 
evident  sincerity  and  earnestness  of  purpose  with  which  the  officers 
of  the  stations  are  in  almost  all  cases  performing  their  duties;  in  ti),^ 
character  of  the  educational  institutions  in  whose  charge  the  stations 
have  been  placed;  in  the  earnest  watchfulness  and  hearty  sympathy 
of  the  farmers  of  the  country;  in  the  interest  and  co-operation  of  the 
greatest  authorities  in  science;  and,  finally,  in  the  action  of  Congress 
by  which  provision  is  made  for  Government  regulation  and  aid. 

In  order  to  carry  into  effect  the  provisions  of  the  act  of  March  2, 
1887,  by  which  the  experiment  stations  are  established,  and  of  acts 
supplementary  thereto,  the  act  approved  July  18,  1888,  entitled 
"An  act  making  an  appropriation  for  the  Department  of  Agriculture 
for  the  fiscal  year  ending  June  30, 1889,  and  for  other  purposes,'^  ap- 
propriates : 

Fire  hundred  and  ninety-fiTe  thousand  dollars ;  ten  thousand  dollars  of  which 
som  shall  be  payable  upon  the  order  of  the  Ck>mmissioner  of  Agriculture  to  enable 
him  to  carry  out  the  provisions  of  section  three  of  said  act  of  March  second,  eight- 
een hundred  and  eighty-seven,  and  to  compare,  edit,  and  publish  such  of  the  re- 
sults of  the  experiments  made  imder  section  two  of  said  act  by  said  experiment 
stations  as  he  may  deem  necessary;  and  for  these  purposes  the  Commissioner  of 
Agriculture  is  authorized  to  employ  such  assistants,  clerks,  and  other  persons  as 
he  may  deem  necessary. 

Section  3  of  the  act  of  March  2,  1887,  provides: 

That  in  order  to  secure,  as  far  as  practicable,  uniformity  of  methods  and  results 
in  the  work  of  said  stations,  it  shaU  be  the  duty  of  the  United  States  Commissioner 
0C  AgEidiltare  to  famish  forms,  as  far  as  practicable,  for  the  tabulation  of  results 
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of  inyestigation  or  experiments;  to  indicate,  from  time  to  time,  such  lines  of  inquiry 
as  to  him  shall  seem  most  important;  and,  in  general,  to  furnish  such  advice  and 
assistance  as  will  best  promote  the  purposes  of  this  act.  It  shall  be  the  duty  of 
each  said  station,  annually,  on  or  before  the  first  day  of  February,  to  make  to  the 
governor  of  the  State  or  Territory  in  which  it  is  located  a  full  and  detailed  report 
of  its  operations,  including  a  statement  of  receipts  and  expenditures,  a  copy  of  which 
report  shall  be  sent  to  each  of  said  stations,  to  the  said  Ck)mmis8ioner  of  Agricult- 
ure, and  to  the  Secretary  of  the  Treasury  of  the  United  States. 

While,  in  accordance  with  its  duty  in  the  disposition  of  public 
funds,  the  Government  reserves  the  right  to  regulate  the  research 
which  it  endows,  and  while  this  regulating  power  is  expressed  in  the 
same  legislation  by  which  the  stations  themselves  are  established,  it 
should  in  my  opinion  be  exercised  mainly  in  the  form  of  wise  and 
sympathetic  help. 

The  Department  of  Agriculture  can  aid  the  experiment  stations 
in  their  relations  to  each  other,  in  their  use  of  the  results  of  ex- 
perimental research,  and  in  their  connection  with  the  agricultural 
public.  To  be  first  among  the  stations  the  Department  should  be 
the  servant  of  them  all.  It  should  exercise  not  dictatorship,  but 
leadership.  Its  influence  should  be  powerful  in  bringing  the  sta- 
tions together  in  co-ordinating  their  work ;  in  making  the  fruits  of 
other  research  and  experience,  past  and  present,  at  home  and  abroad, 
available  to  them ;  in  prosecuting  lines  of  pioneer  research  which 
will  in  a  measure  relieve  the  stations  of  a  diflBcult  but  necessary 
^ask,  and  enable  them  to  apply  their  energies  more  fully  and  suc- 
cessfully to  the  study  of  the  questions  which  bear  directly  upon  the 
practice  of  agriculture ;  in  collating,  condensing,  and  distributing 
their  results,  and  in  helping  to  carry  the  practical  outcome  to  the 
farmer  in  a  form  in  which  he  wiU  appreciate  and  use  it. 

To  carry  out  this  work  I  have  instituted  an  office  of  experiment 
stations  as  a  special  branch  of  this  Department  and  appointed  a  di- 
rector at  its  head.  The  organization  and  functions  of  this  office  will 
naturally  shape  themselves  to  the  needs  of  the  enterprise  as  they 
arise. 

The  most  immediately  pressing  need  seems  to  be  that  of  a  clear- 
ing-house and  an  exchange  for  the  stations.  The  stations  are  widely 
separated;  they  need  to  know  more  about  each  other's  work;  they 
need  each  other's  help,  especially  that  which  comes  from  the  inter- 
change of  experience.  Much  is  gained  by  the  proper  distribution  of 
work  and  by  co-operation  where  that  is  feasible.  As  a  clearing-house 
this  office  can  facilitate  intercommunication  beween  the  stations,  col- 
late the  results  of  their  work,  and  facilitate  its  most  advantageous 
co-ordination.  It  can  serve  as  an  exchange  or  distributing  point  for 
information  in  two  ways,  negotiating  between  the  stations  and  the 
agricultural  public  on  the  one  side  and  between  the  stations  and  the 
world  of  science  on  the  other. 

One  of  the  means  by  which  this  Department  can  mediate  between 
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tlie  stations  and  the  agricultural  public  is  the  issuing  of  a  series  of 
fanners'  bulletins,  which  should  collate  the  results  of  station  work 
bearing  npon  si)ecial  topics,  and  the  teachings  of  other  research,  and 
put  the  ivhole  into  a  form  so  plain  that  the  intelligent  farmer  will 
understand  it,  so  brief  that  he  will  read  it  through,  and  so  practical 
that  he  will  take  it  to  heart.  Thus  while  each  station  is  distributing 
its  own  results  to  the  farmer  of  its  own  State,  this  instrumentality 
will  help  to  make  the  several  stations  serviceable  to  the  agriculture 
of  the  whole  country. 

As  a  mediator  between  the  stations  and  the  world  of  science,  this 
branch  of  the  Department  should  be  in  a  condition  to  collate  the  re- 
sults of  experimental  research  in  this  country  and  in  Europe,  and 
publish  them  in  convenient  form  for  the  use  of  the  station  workers 
and  others  interested  in  the  science  of  agriculture.  The  past  forty 
years  has  been  a  period  of  great  and  increasing  activity  in  agricult- 
ural inquiry,  especially  in  Europe.  The  mass  of  material  accumu- 
lated is  large  and  rapidly  growing ;  it  is  mostly  in  foreign  languages, 
and  in  costly  journals,  publications  of  learned  societies,  monographs, 
and  other  books,  which  but  few  of  our  workers  have,  and  which, 
with  lack  of  leisure,  but  few  could  sufficiently  utilize  if  they  had 
them.  Indexes  of  literature  of  given  subjects  and,  especially,  ab- 
stracts of  experimental  research  are  wanted. 

One  need  is  a  journal  for  the  stations,  to  contain  accounts  of  their 
current  research,  abstracts  of  similar  work  in  this  and  in  othe# 
countries,  and  other  matters  of  mutual  interest.  What  is  wanted^is 
a  publication,  properly  edited,  adapted  to  our  special  conditions,  ap- 
pearing regularly  and  giving  the  latest  information,  doing  for  workers 
in  these  lines  what  Die  Lcmdwirthschafflichen  Versuchs-Stationen, 
the  Ceniral-BlaU  der  Agrikidtv/rchemie,  and  other  publications  do 
for  the  German  stations;  in  short,  a  means  to  provide  prompt  and 
constant  intercommunication  between  the  stations  and  bring  them 
from  outside  the  things  they  want  to  know. 

Information  is  also  greatly  needed  in  regard  to  paat  work  and  its 
results.  This  would  be  probably  best  brought  to  the  stations  in  the 
form  of  monographs  on  special  subjects.  The  object  of  these  would 
be  to  show  the  actual  extent  to  which  certain  more  important  sub- 
jects have  already  been  investigated,  the  methods  and  results  of  work 
done,  the  specific  questions  which  now  most  need  investigation,  and 
the  best  means  and  methods  of  experimenting.  The  laws  that  under- 
lie the  problems  our  stations  have  to  work  on,  and  many  of  the  ques- 
tions themselves,  are  the  same  that  have  been  studied  for  half  a  cen- 
tury. It  is  important  to  avoid  going  over  old  ground,  to  start  where 
others  have  left  off,  and  with  the  benefit  of  their  experience.  Such 
instrumentalities  to  teU  our  workers  what  has  been  done,  and  indi- 
cate what  there  is  to  do  and  how  best  to  do  it,  and  thus  help  them 
to  utilize  work  accomplished  instead  of  doing  it  over  again,  would 
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be  very  useful.  For  preparing  these  publications  means  ought  to  be 
provided  for  securing  the  services  of  the  ablest  specialists  in  this 
country  and  in  Europe.  All  this  would  cost  no  little  labor,  learning, 
and  money,  but  with  the  particularly  pressing  call  for  every  possible 
assistance  of  this  sort,  the  expense  would  bear  no  comparison  to  the 
usefulness;  indeed,  it  is  a  question  whether  the  stations  can  afford  to 
be  without  it. 

The  well-advised  deliberations  and  action  of  the  American  Asso- 
ciation of  Agricultural  Colleges  and  Experiment  Stations  were  re- 
ferred to  in  my  last  report.  It  will  be  observed  that  the  recommen- 
dations above  made  are  entirely  in  accordance  with  those  of  the  com- 
mittee on  station  work  of  that  organization,  the  report  of  which  was 
published  by  this  Department  last  winter,  and  that  the  work  which 
the  Department  has  undertaken  in  connection  with  the  experiment 
stations  has  been  placed  in  charge  of  the  chairman  of  that  committee. 

In  my  last  annual  report  I  recommended  the  establishment  of  a 
central  experiment  station  in  connection  with  this  Department.  The 
work  of  the  stations  requires  much  study  of  methods  of  investigation 
and  other  pioneer  work  of  research.  This  is  as  necessary  to  success- 
ful experimenting  as  the  foundation  is  to  the  house.  It  involves  the 
fullest  knowledge  of  past  experience,  a  great  deal  of  the  labor  of 
specially  trained  experts,  and  often  very  costly  appliances.  This  ab- 
stract research  is  very  difficult  for  the  individual  stations  to  under- 
{hike,  and  yet  the  lack  of  it  is  one  of  the  serious  obstacles  to  the  practi- 
<^1  solution  of  the  questions  they  have  to  deal  with.  The  act  of  Con- 
gress requires  the  Commissioner  of  Agriculture  to  indicate  from  time 
to  time  such  lines  of  inquiry  as  to  him  shall  seem  most  important. 
To  do  this  properly  will  require  more  or  less  research.  Further- 
more, there  are  numerous  questions  which  affect  large  areas,  or 
the  whole  country,  in  which  co-operative  work  will  be  desirable, 
but  which  likewise  require  preliminary  investigation  for  their  proper 
planning.  To  relieve  the  stations  of  much  costly  and  laborious 
scientific  work  and  enable  them  to  devote  their  energy  the  more 
completely  to  the  things  that  are  of  practical  interest  to  the  farmer, 
and  to  enable  the  Department  to  give  the  advice  and  assistance  which 
Congress  calls  for  and  the  stations  need,  would  be  proper  functions 
of  a  central  station.  If  properly  arranged  it  would  also  serve  as  a 
useful  model  and  as  a  means  ojf  explaining  to  people  interested  in 
such  matters,  agriculturists,  educators,  men  of  science,  legislators, 
and  others  who  flock  to  Washington  from  all  sections  of  the  coun- 
try, and  from  other  parts  of  the  world  as  well,  what  an  experiment 
station  is  and  how  its  work  is  most  successfully  accomplished. 

The  branch  of  the  Department  which  connects  it  with  the  experi- 
ment stations  should,  I  believe,  develop  such  an  institution.  This 
would  in  no  way  take  the  place  or  do  the  work  of  the  stations 
throughout  the  country,  but  would,  on  the  other  hand,  be  a  most 
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helpfxily  economically  and.  I  am  inclined  to  add,  essential  part  of  the 
whole  organization.  Its  need  has  already  been  felt  and  expressed 
by  stations  which  have  had  the  largest  experience.  Its  growth 
should  be  gradual,  its  character  and  organization  should  be  shaped 
by  exigencies  as  they  arise,  but  I  believe  that,  in  some  form  or  other, 
it  should  be  provided  for  in  the  near  future. 

While  the  experiment  stations  are  primarily  for  the  benefit  of  ag- 
riculture, and  through  it  for  that  of  other  national  interests,  their 
support  comes  as  directly  from  the  rest  of  the  people  as  from  the 
farmers.  The  chief  agricultural  product  is  food,  which  aU  need. 
More  than  half  of  the  earnings  of  the  working  people  in  this  country, 
as  in  Europe,  are  and  inevitably  must  be  spent  for  food,  and  yet  even 
the  most  intelligent  know  less  about  the  relation  existing  between 
the  nutritive  value  and  the  cost  of  their  food  than  about  the  value 
as  compared  with  the  cost  of  their  clothing,  houses,  fuel,  or  any  of 
the  other  necessaries  of  life.  This  lack  of  popular  understanding  of 
the  pecuniary  economy  of  food,  and  of  its  physiological  economy  as 
well,  results  in  great  loss  of  money  and  injury  to  health.  For  im- 
provement the  first  requisite  is  information,  that  which  comes  only 
from  research.  Such  research  might  be  appropriately  begun  by  this 
Department  and,  when  the  lines  are  well  defined,  advantageously 
carried  out  by  the  stations.  The  results  of  such  inquiry  would  also 
have  a  most  immediate  and  practical  bearing  upon  the  exclusiyftj^ 
agricultural  interests  of  the  country,  especially  in  the  portions'  de- 
voted to  meat  production.  Investigation  has  already  been  carried 
far  enough  to  indicate  that  the  laboring  classes  in  Europe  are  under- 
fed, and  that  what  they  most  lack  to  give  them  the  bodily  strength 
and  vigor  which  characterize  our  own  working  people  is  the  nutri- 
ment which  is  supplied  in  the  most  concentrated  form  in  the  meats, 
including  pork,  which  we  produce  in  such  large  excess.  One  way 
to  secure  the  removal  of  the  onerous  restrictions  imposed  by  the  gov- 
ernments of  Europe  upon  the  importation  of  American  meats  is  to 
demonstrate  the  great  disadvantage  accruing  to  the  masses  of  the 
people  from  these  restrictions. 

I  venture  to  suggest  that  inquiries  in  these  directions  are  appro- 
priate for  this  Department  and  for  the  experiment  stations  as  well ; 
that  the  initiative  may  properly  be  taken  by  the  Department,  and, 
when  the  lines  are  well  defined  by  preliminary  investigation,  such 
stations  as  are  in  condition  to  do  so  may  prosecute  them  with  advan- 
tage.    A  small  appropriation  would  do  a  most  useful  work. 

Thus  far,  of  course,  the  work  of  the  Department  in  connection  with 
the  stations  is  merely  begun.  In  accordance  with  the  policy  of  the 
Department  to  ally  itself  as  closely  as  possible  with  these  institutions, 
personal  visits  have  been  made  to  as  many  of  the  stations  as  time  has 
permitted.  A  directory  of  stations  and  station  officers  and  a  cata- 
logaa  of  publications  are  in  preparation,  and  are  to  be  followed  by 
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indexes  of  literature,  and  so  mnch  of  the  work  above  indicated  as  the 
demands  of  the  future  may  require  and  the  means  provided  allow. 
To  carry  out  this  part  of  the  work  of  the  Department  for  the  next 
fiscal  year  I  have  asked  for  $16,000,  believing  it  to  be  wise  to  make 
the  request  a  moderate  one,  and  smaller  rather  than  larger  than  the 
demands  would  seem  to  justify.  This  sum  will  suffice  only  for  the 
beginning  of  the  large  amount  of  work  that  is  pressingly  needed.  I 
have  ref ramed  from  making  any  estimate  of  the  whole  amount  which 
will  be  necessary  to  carry  on  the  national  stations  during  the  next 
year,  and  for  which  an  appropriation  of  (595,000  was  made  by  Clon- 
gress  for  the  current  fiscal  year,  deeming  it  advisable  to  await  the 
development  in  station  organization. 

The  path  to  success  in  this  experiment-station  enterprise  passes 
by  the  fountains  of  abstract  science  and  by  the  farms  and  fire- 
sides of  the  American  people.  If  the  Department  is  to  do  its  share 
of  this  great  work  it  must  be  by  unifying  the  efforts  of  the  stations, 
by  bringing  the  best  science  of  the  world  to  their  aid,  and  by  carry- 
ing their  best  products  "  not  down  to  the  farmer,  but  home  to  the 
farmer,"  whom  they  serve.  For  this  it  must  have  generous  support. 
A  great  ship  needs  costly  steering  apparatus.  Parsimony  here  is 
the  worst  possible  economy.  I  trust  that  in  due  time  means  will  be 
provided  to  enable  the  Department  to  secure,  retain,  and  develop  to 
their  highest  efficiency  the  ablest  men  in  the  different  lines  of  work 
and  to  insure  all  needed  means  for  meeting  the  demand  imposed  upon 
it  by  so  great  an  undertaking.  If  this  call  is  for  something  greater 
than  has  ever  elsewhere  been  done  it  is  because  of  the  magnitude  of 
the  experiment-station  enterprise,  the  urgency  of  the  demand,  and 
the  wisdom  of  generous  supply, 

I  append  herewith  a  synopsis  of  the  work  performed  by  the  sev- 
eral divisions  of  the  Department. 

BUREAU  OF  ANIMAL  INDUSTBT. 

The  work  for  the  eradication  of  contagious  pleuro-pneumonia  has 
been  the  most  important  of  the  duties  devolving  Upon  this  Bureau 
during  the  year.  The  beginning  of  this  work,  less  than  four  years 
ago,  was  under  circumstances  which  were  anything  but  encouraging. 
The  plague  had  been  permitted  to  propagate  itself  in  the  Middle  At- 
lantic States  practically  undisturbed  for  more  than  a  quarter  of  a 
century.  The  dairies  about  some  of  our  largest  cities  were  hot-beds 
of  contagion.  The  stock-yards  of  these  cities  had  become  infected 
and  the  disease  was  spread  continually  by  calves  and  stock  cattle 
going  from  these  yards  into  country  districts.  Even  the  West  was 
invaded  and  the  great  stock-producing  States  of  Illinois,  Missouri, 
and  Kentucky  were  sujffering  from  the  prevalence  of  this  malady. 

To  meet  this  alarming  condition  we  had  an  imperfect  national  law, 
an  insufficient  appropriation,  and  little,  if  any,  provision  for  co-op- 
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eration  on  the  part  of  the  States.  >  The  law  establishing  the  Bureau 
was,  however,  soon  supplemented  by  temporary  legislation  in  the 
appropriation  bills,  the  amount  appropriated  was  increased  suffi- 
ciently to  meet  the  emergency,  and  State  co-operation  has  been 
secured  in  those  States  where  the  contagion  existed.  With  the  au- 
thority obtained  in  this  manner,  it  was  possible  to  undertake  vigor- 
ous measures  for  the  extermination  of  the  plague. 

At  the  time  the  previous  report  was  submitted  the  Western  States 
had  been  about  relieved  from  the  presence  of  this  malady.  A  force 
was  still  stationed  at  Chicago,  however,  and  cases  in  the  chronic 
stage  were  occasionally  being  found.  With  rigid  supervision  of 
the  trade  and  the  slaughter  of  all  cattle  in  the  infected  district,  the 
last  traces  soon  disappeared,  and  on  April  1  it  was  deemed  safe  to 
remove  all  quarantine  restrictions  and  withdraw  the  force  that  had 
been  operating  there. 

During  this  time  active  measures  had  been  carried  on  in  Maryland, 
and  many  affected  and  exposed  cattle  had  been  slaughtered,  thereby 
freeing  the  country  districts  from  the  trouble ;  but  the  regulations 
made  under  the  State  laws  were  not  sufficiently  stringent  for  the  in- 
fected city  districts,  and  the  r^ults  were  not  satisfactory.  In  No- 
vember, 1887,  the  State  live-stock  sanitary  board  was  induced  to 
make  an  order  applying  regulations  adequate  to  the  conditions  in 
Baltimore  County.  This  involved  a  large  increase  of  the  force  star, 
tioned  there  aid  in  the  various  items  of  expense  which  were  neces*-  • 
sarily  incurred,  but  the  rapid  progress  made  under  the  new  plan  is  a 
sufficient  justification  for  the  change. 

There  have  been  slaughtered  in  Maryland,  from  January  1  to 
November  30,  1888,  459  animals  affected  with  pleuro-pneumonia, 
and  1,036  exposed  animals.  The  result  has  been  to  promptly  remove 
all  traces  of  the  disease  wherever  these  have  been  discovered,  and 
to  wonderfully  lessen  the  number  of  cases  which  have  developed. 
During  the  month  of  October  but  three  affected  herds  were  found 
in  the  State,  and  during  November  but  two  were  found.  Unless  for 
some  unforeseen  reason  there  is  an  extension  of  the  disease,  the  time 
is  not  far  distant  when  Maryland  will  be  entirely  free  from  its 
presence. 

A  year  ago  there  was  some  apprehension  in  regard  to  the  existence 
of  pleuro-pneumonia  in  Pennsylvania.  After  considerable  corre- 
spondence a  plan  of  co-operation  was  arranged,  andjn  April  the  city 
of  Philadelphia  was  placed  under  quarantine  restrictions  by  the  gov- 
ernor's order,  and  a  sufficient  force  was  stationed  there  by  the  Bureau 
of  Animal  Industry  to  inspect  all  cattle  within  the  quarantine  limits, 
and  to  control  the  movement  of  such  animals.  The  enforcement  of 
iheee  measures  has  shown  that  the  malady  did  not  exist  to  any  great 
extent  in  that  district.  Only  63  affected  and  131  exposed  animals 
have  been  slaughtered,  and  it  is  believed  the  State  of  Pennsylvania 
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is  now  free  from  the  infection.  The  quarantine  will  be  raised  on  De- 
cember 15,  but  a  small  force  will  be  left  to  supervise  the  interstate 
commerce  in  cattle  until  the  neighboring  States  are  found  to  be  safe. 

Since  my  last  report  a  thorough  quarantine  has  been  established 
in  Hudson  County,  N.  J. ,  by  co-operation  with  the  State  board  of 
health.  This  section  of  the  State  has  long  been  known  to  be  har- 
boring the  pestilence,  but  never  before  were  sufficiently  stringent 
regulations  enforced  to  control  its  ravages  or  discover  all  of  its 
hiding-places.  As  a  result  of  the  quarantine,  affected  herds  have 
been  discovered  and  slaughtered,  the  stables  and  stock-yards  have 
been  kept  disinfected,  the  incoming  cattle  have  been  inspected,  and 
the  disease  has  gradually  disappeared.  Taking  the  whole  State,  there 
were  19  herds  found  diseased  in  September,  14  in  October,  and  only 
2  in  November.  This  result  is  very  encouraging,  and  it  is  believed 
that  but  little  more  work  remains  to  be  done.  It  has  been  necessary 
to  slaughter,  since  January  1,  502  diseased  and  945  exposed  ani- 
mals. 

In  New  York  the  infected  district  was  much  larger  than  in  any 
of  the  other  States  and  it  was  anticipated  that  by  far  the  heaviest 
work  would  be  found  here.  The  active  work  was  begun  in  the  old 
infected  district  of  the  State  about  a  year  ago  by  placing  stringent 
quarantine  restrictions  over  five  counties  and  inspecting,  number- 
ing, and  registering  all  cattle  in  that  district.  From  January  1  to 
'^November  30, 1,576  affected  cattle  and  3,196  which  hA  been  exposed 
were  purchased  and  slaughtered. 

Notwithstanding  the  fact  that  a  decision  of  the  court  made  it  nec- 
essary to  obtain  additional  legislation  from  the  legislature,  and  also 
required  new  proclamations  from  the  governor,  the  work  was  pressed 
forward  in  spite  of  all  obstacles  until  the  exhaustion  of  the  appro- 
priation in  May.  This  caused  a  cessation  of  active  work  for  nearly 
two  months,  with  only  sufficient  supervision  to  hold  what  had  already 
been  gained.  Since  the  last  appropriation  was  made  there  has  been 
every  effort  to  urge  forward  the  work  as  rapidly  as  possible.  Two 
counties,  Westchester  and  Richmond,  have  recently  been  declared 
free  from  the  contagion  and  the  quarantine  restrictions  removed. 
Unfortunately  a  new  outbreak  has  been  discovered  in  Orange  County, 
which  will  increase  the  expenses,  but  which  will  not  delay  the  period 
of  the  final  eradication  of  the  plague  from  the  State. 

The  county  of  New  York  has  been  very  nearly  freed  from  this 
disease,  but  the  continued  traffic  through  this  commercial  center 
makes  it  necessary  to  enforce  quarantine  regulations  until  all  other 
portions  of  the  State  have  been  relieved  of  it.  It  will  require  at 
least  one  more  year  to  complete  the  eradication  from  the  counties  on 
Long  Island. 

In  general  it  may  be  said  that  the  amount  of  work  done  has  been 
greater  than  was  anticipated,   and  the  results  are  very  gratify- 
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ing.    The  following  figm*es,  covering  all  the  pleuro-pneumonia  dis- 
tricts, show  the  magnitude  of  the  task  which  the  Bureau  has  had  in 

hand: 

From  January  1  to  November  30  therp  were  inspected  35,451  herds, 
containing  304,698  head  of  cattle.  Of  these  animals  183,257  were 
tagged  with  numbers  and  registered  upon  the  books  of  the  oflSce,  and 
106,415  were  examined  more  than  once. 

During  the  same  period  630  herds,  containing  8,604  animals,  were 
found  affected  with  the  disease,  and  the  Bureau  has  purchased  and 
slaughtered  2,649  diseased  animals  and  5,490  that  had  been  exposed. 
The  number  o€  stock-yards,  stables,  and  other  premises  disinfected 
reached  the  number  of  1,876.  There  have  also  been  41,361  iiost-Tnor- 
tern  examinations  made,  which  resulted  in  finding  3,380  carcasses 
affected  with  pleuro-pneumonia. 

In  addition  to  the  work  for  the  eradication  of  pleuro-pneumonia, 
the  Bureau  has  undertaken  the  control  of  glanders  among  horses  in 
the  District  of  Columbia.  This  work  is  done  under  authority  of  the 
District  Commissionei"s  in  accordance  with  the  act  of  Congress  estab- 
lishing the  Bureau.  This  disease  exists  to  a  considerable  extent,  and 
from  July  1  to  December  7,  23  affected  horses  have  been  killed. 

The  investigations  of  swine  diseases  have  been  continued,  and  have 
confirmed  the  results  published  in  the  reports  of  1887,  and,  in  addi- 
tion, have  brought  ou^more  clearly  the  characteristics  of  the  disease 
and  the  measures  necessary  for  its  prevention.  There  is  no  longer 
any  doubt  that  the  epizootics  among  swine  may  be  divided  into  two 
very  distinct  diseases ;  that  both  of  these  are  widely  disseminated  and 
cause  very  serious  losses.  Bulletins  are  now  in  preparation  in  which 
a  systematic  account  will  be  given  of  all  the  important  facts  con- 
nected with  the  origin,  cause,  and  nature  of  these  diseases,  and  the 
methods  to  be  adopted  for  their  prevention  and  treatment. 

An  investigation  of  the  sheep  and  wool  industry  has  just  been 
completed,  and  a  report  is  now  in  preparation  which  is  expected  to 
place  this  subject  clearly  before  those  interested  in  this  branch  of 
agriculture.  Much  important  inf  onnation  has  been  gathered  which, 
it  is  believed,  will  have  a  good  influence  on  sheep  husbandry  in  gen- 
eral, and  will  enable  those  engaged  in  it  to  see  and  correct  the  mis- 
takes which  have  heretofore  been  made.  It  is  our  aim  ^o  present 
those  methods  which  have  been  found  successful  and  profitable,  in 
order  that  they  may  be  adopted  by  others  who  have  not  been  able 
to  secure  satisfactory  results. 

Many  diseases  have  been  investigated  in  different  parts  of  the 
country  during  the  year,  among  the  most  important  of  these  being 
an  outbreak  of  anthrax  in  southern  California.  This  disease,  which 
has  long  created  havoc  in  the  southern  Mississippi  Valley,  is  now 
fouod  to  be  indigenous  in  California  and  probably  in  other  parts  of 
the  country.  The  area  involved  is  large  and  the  losses  very  serious. 
AG  88 2 
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The  nature  of  this  disease  is  now  well  understood,  and  it  is  known 
that  the  micro-organism  which  causes  it  forms  spores,  and  these  re- 
tain their  vitality  in  the  soil  for  many  years.  On  such  soils  the  past- 
ure and  hay  are  infected  and  produce  the  disease  in  the  animals 
which  feed  upon  them. 

Thus  far  no  practical  way  of  freeing  much  of  the  infected  section 
from  this  contagion  has  been  discovered,  and  the  only  method  now 
known  of  preventing  the  disease  is  to  vaccinate  the  animals  accord- 
ing to  the  method  discovered  by  Pasteur.  Unfortunately  the  farm- 
ers of  this  country  have  no  place  to  which  they  can  apply  for  such 
vaccine.  The  Department  could  supply  it  if  it  had  a  suitable  laborer 
tory  in  which  it  could  be  j^repared.  As  I  have  repeatedly  stated,  the 
laboratory  now  used  by  the  Bureau  of  Animal  Industry  is  located 
under  the  roof  of  the  Dei)artment  building,  and  is  not  a  proper  place 
to  work  with  those  forms  of  contagion  which  are  dangerous  to  hu- 
man health.  For  this  reason  we  have  been  unable  to  supply  these 
wants,  and  we  have  also  been  unable  to  investigate  other  similar 
diseases  of  animals,  such  as  tuberculosis,  glanders,  and  actinomy- 
cosis, which  are  also  dangerous  to  human  health. 

There  is  consequently  urgent  need  of  a  laboratory  for  this  class  of 
work.  There  is  very  much  that  should  be  done  for  the  elucidation  of 
questions  connected  with  the  prevention  and  treatment  of  such  dis  • 
eases,  which  can  not  be  undertaken  until  p^;oper  laboratory  facili- 
ties are  furnished.  The  need  for  such  a  laboratory  is  becoming  more 
apparent  every  year,  as  numerous  demands  are  made  upon  the  De- 
partment to  investigate  diseases  and  to  furnish  such  means  as  may  be 
possible  for  their  prevention. 

With  the  establishment  of  experiment  stations  in  the  diflEerent 
States  there  is  a  demand  for  persons  qualified  to  make  investigations 
of  the  diseases  of  animals,  in  particular  the  contagious  diseases.  At 
present  the  facilities  for  instruction  in  this  country  are  very  limited, 
and  everyone  finds  before  undertaking  such  work  that  it  is  necessary 
to  spend  considerable  time  studying  in  the  laboratories  of  Europe 
before  they  feel  competent  to  accept  such  a  position.  If  a  suitable 
laboratory  was  established  at  this  Department  the  educational  feat- 
ure might  be  made  one  of  very  great  importance,  and  persons  might 
spend  a  sufficient  time  working  in  it  to  acquire  the  methods  used  in 
his  class  of  in^ 'W'+^^igatiopp  and  in  that  way  avoid  the  expenses  inci- 
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The  quarantine  of  imported  cattle,  still  adniinistered  by  this 
Bureau,  has  been  in  successful  operation  during  the  year.  Increased 
pi-ecautions  have  been  adopted  to  prevent  the  introdution  of  conta- 
gious diseases,  and  it  is  believed  that  there  is  no  longer  any  danger 
of  tliis  in  connection  with  the  animals  which  pass  through  the  quar- 
antine stations.  Since  the  quarantine  has  been  operated  under  the 
direction  of  this  Department  the  introduction  of  the  diseases  usually 
classed  as  contagious  has  been  entirely  prevented. 

DIVISION   OF  ENTOMOI.OGY. 

The  past  year  has  been  one  of  the  busiest  in  the  history  of  this 
division,  although  n6  one  preponderating  investigation  has  been 
carried  on.     The  main  work  has  been  as  follows: 

Additional  investigations  have  been  made  upon  the  subject  of  the 
Fluted  Scale  or  Cottony  Cushion-scale  of  California,  and  particularly 
in  the  direction  of  remedies,  and  the  gas  treatment  has  been  devel- 
oped to  a  practical  outcome  by  an  agent  stationed  at  Los  Angeles. 
Through  the  assistance  of  Mr.  F.  S.  Crawford,  of  Adelaide,  South 
Australia,  an  Australian  parasite  of  this  destructive  pest  has  been 
introduced,  though  it  is  as  yet  too  early  to  say  with  what  practical 
results.  The  Department  was  prevented  by  a  clause  in  the  appro- 
priation bill  from  sending  an  agent  to  Australia  for  the  purpose  of 
gathering  further  information  upon  the  subject  of  the  Australian 
parasites  of  this  insect,  but,  fortunately,  the  State  Department  has 
been  able,  through  the  Mell^ourne  Exj)()siti()n  fund,  to  assist  us  in  this 
direction,  and  an  agent  of  the  division  sailed  in  August  with  instiiic- 
tions  to  make  a  most  careful  exploration  of  the  proper  localities,  to 
collect  all  the  informaticm  possible,  and  to  make  arrangements  for 
and  to  superintend  the  shipping  of  live  parasites  to  San  Francisco. 
Up  to  the  present  time  he  has  met  with  most  gratifying  success. 
By  careful  search  he  socm  collected  over  10,000  fluted  scales,  fully 
50  per  cent,  of  which  contained  living  parasites,  and  forwarded  them 
by  steamer  as  a  first  shii)ment.  This  installment  arrived  in  Los 
Angeles  in  November,  the  scales  were  colonized  upon  orange  trees, 
and  up  to  the  latest  writing  over  one  "hundred  living  parasites  had 
emerge^l.     Thus  the  experiment  promises  every  success. 

The  entomologist  has  not  C(msidered  himself  quite  ready  to  pub- 
lish the  result  of  the  Hop  Louse  investigation  which,  in  my  last  re- 
port, I  announced  had  been  j^ractically  finished  last  season.  A  few 
a^lditional  observations  were  considered  necessary  in  order  to  render 
his  report  perfect,  and  these  ha-ve  been  made  the  present  season,  and 
the  report  as  a  whole  will  doubtless  be  published  in  my  complete  re- 
port for  ISSS.  No  investigation  has  ever  been  undertaken  by  the 
division  that  has  been  brought  to  a  more  satisfactory  conclusion  than 
this  one. 

The  great  damage  done  to  peaches  and  many  of  the  cro|)s  in 
Florida  and  Georgia  by  th^  wovk  pf  pertain  ^-oot-inf esting  Nematode 
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worms  of  the  f anrily  Anguillilidso  has  been  very  marked  for  the  last 
two  or  three  years;  and  as  no  other  division  of  the  Department 
seemed  better  fitted  for  the  carrying  on  of  the  investigation,  the  en- 
tomologist has  undertaken  it,  and  a  report  is  now  ready  for  publica- 
tion. 

The  ravages  of  the  Cotton  and  Boll  worm  upon  the  tomato  croj) 
in  certain  portions  of  the  State  of  Mississippi  formed  the  subject  of 
a  special  petition  on  the  part  of  one  of  the  State  societies  to  this  De- 
partment, and  the  investigation  of  this  subject  has  also  been  carried 
on  during  the  season  by  this  division. 

The  ravages  of  the  Rocky  Mountain  Locust  or  Western  Qrasshoj)- 
per  in  Minnesota  were  early  called  to  the  attention  of  the  Department, 
but  inasmuch  as  an  assistant  from  the  division  of  entomology  had 
just  been  appointed  to  a  State  position  at  the  experiment  station 
at  Saint  Anthony's  Park  it  was  not  considered  necessary  for  the  De- 
partment to  interfere  with  his  work,  especially  as  the  State  authori- 
ties were  exceptionally  energetic  in  their  endeavors  to  suppress  the 
plague.  An  agent  of  the  division,  however,  who  has  for  many  years 
paid  special  attention  to  this  pest  and  the  group  of  insects  to  which 
it  belongs,  was  sent  on  a  trip  through  the  Northwest  in  order  to 
ascertain  the  exact  condition  of  affairs  and  in  order  to  enable  us  to 
predict  for  the  coming  season.  The  conclusions  which  the  entomol- 
ogist has  hitherto  drawn  from  similar  observations  have  been  uni- 
formly justified  by  subsequent  experience,  and  as  a  result  of  this 
year's  investigations  he  considers  the  outlook  for  the  coming  year  to 
be  most  favorable. 

In  addition  to  the  above,  further  investigations  have  been  made 
Upon  the  Buffalo  Gnat  in  the  Southwest ;  upon  insects  injurious  to 
cereal  crops  ;  upon  insects  injurious  to  live-stock  in  general ;  and  the 
work  upon  the  bibliography  of  economic  entomology  has  been  con- 
tinued. 

The  correspondence  upon  the  subject  of  insects  has  been  exception- 
ally large,  and  over  three  thousand  five  hundred  letters  have  been  re- 
ceived and  answered.  The  majority  of  these  letters  are  accompanied 
by  specimens,  and  the  mounting  and  rearing  of  these  specimens  and 
the  care  and  labor  of  making  accurate  notes  of  their  habits  is  very 
great. 

Owing  to  the  lack  of  specific  appropriation  it  has  been  necessary 
to  discontinue  the  apicultural  experiment  station.  This  is  to  be  re- 
gretted, as  the  station  has  done  good  work  and  as  it  accomijlished 
results  of  considerable  benefit  to  this  extensive  and  growing  industry. 
The  division  stands  ready  to  resume  this  work  at  any  time  when 
Congress  shall  make  approjjriation  for  it. 

The  publications  of  the  division  during  the  year  have  been  more 
than  ever  called  for,  and  represent  a  large  variety  of  subjects  intrusted 
to  this  important  division. 
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The  necessity  for  some  speedy  and  regular  means  of  publication 
in  which  might  be  printed  notes,  reports  of  the  i)rogress  of  inves- 
tigations, and  short  articles  upon  entomological  subjects  which 
are  either  too  limited  in  scope  or  too  disconnected  to  be  used  in  the 
annual  report  or  in  the  special  bulletins  of  the  division,  originated 
a  periodical  bulletin,  six  numbers  of  which  have  been  published,  and 
the  character  of  the  numbers  and  favorable  comments  of  the  agri- 
cultural press,  by  farmers,  and  by  workers  in  agricultural  entomology 
have  borne  out  the  prophecy  of  the  entomologist  in  the  introductory 
number  to  the  effect  that  so  far  as  the  interests  of  economic  entomol- 
ogy ar©  concerned  we  have  instituted  so  far  no  reform  that  will  be 
productive  of  more  general  good  or  will  give  more  general  satisfac- 
tion. The  numbers  up  to  the  present  time  have  consisted  of  two 
signatures  each  and  have  been  plentifully  illustrated,  a  prominent 
feature  being  extracts  from  the  correspondence  of  the  division  with 
farmers  and  others  on  the  subject  of  injurious  insects. 

SILK. 

For  the  past  five  years  the  Department  of  Agriculture  has  been 
carrying  on  a  series  of  experiments  with  a  view  of  testing  the  feasi- 
bility of  profitable  silk  reeling  in  this  country,  thus  promoting,  if 
successful,  a  market  for  American  grown  cocoons.  For  two  years 
these  experiments  were  made  at  three  different  points,  namely,  San 
Francisco,  New  Orleans,  and  Philadelphia,  with  a  view  of  estab- 
lishing filatures  at  those  places.  The  result  of  having  such  experi- 
ments conducted  at  remote  points  was  not  encouraging,  as  has  been 
heretofore  shown  in  the  reports  of  this  Department.  Some  three 
years  ago  there  seemed  t<o  be  a  prospect  of  overcoming  many  of  the 
difficulties  which  had  been  encountered  in  the  earlier  attempts, 
through  the  use  of  the  Serrell  automatic  silk-reeling  machinery. 
Congress  authorized  me  to  establish  a  silk  filature  in  immediate  con- 
nection with  the  Department  at  Washington,  where  it  could  be 
directly  superintended  by  the  entomologist  and  Mr.  Philip  Walker. 
This  gave  the  Department  an  opportunity  to  thoroughly  test  the 
merits  of  the  machinery  referred  to. 

At  the  time  these  later  experiments  were  inaugurated  I  felt  that 
two  years'  experimentation  would  enable  me  to  definitely  determine 
whether,  with  this  improved  machinery,  the  matter  of  labor  could 
be  sufficiently  economized  and  minimized  to  make  silk  reeling  prof- 
itable in  the  United  States.  Owing  to  the  difficulty  which  usually 
arises  of  adjusting  foreign-built  machinery  to  our  methods,  of 
teaching  labor  to  work  in  an  entirely  new  field,  so  far  as  this  country 
is  concerned,  of  explaining  to  the  thousands  of  cocoon  growers  from 
whom  the  Department  purchased  cocoons  the  precise  necessities  of 
the  business  in  order  to  secure  the  best  results,  and  of  many  and 
various  vicissitudes  and  contingencies  which  it  is  not  necessary  to 
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yefer  to  in  detail,  the  results  of  these  two  years  of  experiments  were 
not  satisfactory  when  considered  from  a  commercial  point  of  view. 
At  this  time  the  Depai-tment  was  inf  onned  of  certain  improvements 
then  being  perfected  in  the  Serrell  machine  which  again  seemed  to 
promise  well,  and  to  meet  some  of  the  difficulties  which  we  had  en- 
countered, and  in  order  to  enable  the  Department  to  test  the  improved 
machine,  Congress  again  provided  the  requisite  authority  and  money 
for  a  continuation  of  these  experiments.  With  these  I  have  intro- 
duced the  improvements  alluded  to  and  in  conjunction  therewith 
have  established  certain  choking  stations  at  different  points  in  the 
West,  or  in  the  centers  of  silk  culture,  where  the  cocoons  purchased 
by  the  Department  might  be  more  intelligently  handled  and  choked 
before  their  shipment  to  the  Department. 

Pending  the  investigations  under  these  new  conditions,  the  De- 
partment was  authorized  by  Congress  to  make  an  exhibit  at  the  late 
Cincinnati  Exposition.  The  Department  determined  to  transfer  a 
portion  of  this  machinery  to  Cincinnati  to  be  there^put  in  daily  op- 
eration as  a  part  of  the  Department's  exhibit,  fully  cognizant  that 
such  a  step  would  materially  interfere  with  the  profitable  results  of 
the  year's  work,  which  had  already  been  jeopardized  by  the  late- 
ness of  the  season  when  the  appropriation  became  available;  but 
aware  also  that  the  Exposition  would  be  visited  by  thousands  of 
those  who  either  do  or  can  raise  cocoons,  and  that  there  they  might 
witness  the  operations  of  the  machinery  and  through  this  illustra- 
tion as  well  as  personal  explanation  learn  those  requirements  which 
would  be  mutually  beneficial.  Owing  to  this  fact  and  to  the  further 
fact  that  the  improvements  referred  to  have  not  fully  met  the  diffi- 
culties which  we  have  encountered,  it  would  not  be  fair  to  this  young 
industry  to  measure  its  probable  future  by  what  we  have  accomp- 
lished this  year.  We  have  devised  certain  improvements  ourselves, 
and  are  now  engaged  in  their  development  and  trial.  And  I  have 
asked  for  a  further  appropriation  in  order  to  determine  whether  the 
improvements  made  by  the  inventor,  those  made  by  ourselves,  and 
those  at  present  in  the  stage  of  conception  here  and  elsewhere  are  to 
affect  the  main  object  of  this  experiment,  and  whether  it  is  likely 
from  the  results  achieved,  and  with  the  necessary  encouragement,  the 
United  States  is  to  a<id  the  silk  industry  to  its  other  resources  and 
enter  the  markets  in  competition  with  the  silk-growing  sections  of 
the  Old  World. 

DIVISION   OP  CHEMISTRY. 

The  investigations  of  the  division  of  chemistry  during  the  past 
year  have  continued  in  the  general  lines  indicated  in  my  last  repoi^t. 
Extensive  analyses  have  been  made  of  the  sorghum  plant  at  Rio 
Grande,  N.  J.,  Kenner,  La.,  Conway  Springs,  Douglass,  and  Sterling, 
Kans.    The  object  of  these  investigations  has  been  twofold:  First, 
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to  secure  an  accurate  idea  of  the  constitution  of  sorghum  cane  in 
respect  of  its  properties  for  sugar  making;  and,  second,  to  develop 
the  cane  in  the  direction  of  improvement  by  seed  selection  and  other 
means.  These  investigations  have  now  been  completed  and  edited, 
and  are  in  the  hands  of  the  printer,  and  will  appear  as  Bulletin  No. 
20  of  the  chemical  division. 

AduUeraiian  of  foods. — The  work  in  the  adulteration  of  foods  has 
been  confined  almost  exclusively  to  the  continuing  of  the  investiga- 
tions of  baking  powders,  tea,  coffee,  and  chocolate,  and  of  lard.  The 
investigations  of  this  last  product  have  been  very  extensive  and  the 
work  is  now  completed  and  will  shortly  appear  as  Part  4  of  Bulletin 
No.  13. 

In  addition  to  the  above  general  lines  of  investigation  a  large 
amount  of  miscellaneous  work  has  been  done,  the  greater  pai't  of 
which  has  been  in  the  line  marked  out  by  the  Association  of  OflScial 
Agricultural  Chemists  for  the  determination  of  the  various  constitu- 
ents in  dairy  products,  cattle  foods,  and  commercial  fertilizers.  The 
work  of  the  Department  in  the  above  line  has  been  published  as  Bul- 
letin No.  19  of  the  chemical  division. 

The  necessity  for  more  commodious  and  healthful  quarters  for  the 
chemists  of  the  Department  increases  each  year,  and  an  early  pro- 
vision should  be  made  for  a  laboratory  especially  constructed  for 
this  kind  of  investigation.   . 

EXPERIMENTS   IN  THE   MANUFACTURE   OF  SUGAR. 

The  great  drain  upon  the  resources  of  the  country  on  account  of 
our  expenditures  for  sugar  has  long  directed  the  attention  of  eco- 
nomic agriculture  to  the  possibility  of  producing  at  home  all  or  a 
greater  part  of  the  sugar  consumed.  The  necessity  for  this  would 
not  be  so  great  did  we  procure  our  sugar  from  countries  taking  an 
equal  value  of  our  own  products  ;  but  this,  unfortunately,  is  not  the 
case.  The  greater  j^art  of  our  sugar  comes  from  Cuba  and  the  adjacent 
islands,  and  the  balance  of  trade  is  overwhelmingly  in  their  favor. 
The  money  which  we  pay  for  sugar,  and  which  will  soon  reach 
$100,000,000  annually,  is  taken  from  our  wealth,  and  we  receive  for 
it  no  adequate  return.  Even  the  machinery  with  which  the  §ugar 
we  eat  is  made  is  supplied  only  in  small  part  by  American  manu- 
facturers. The  ponderous  mills  used  in  the  troi^ical  islands  for 
crushing  the  cane  and  the  systems  of  evaporating  apparatus  are 
chiefly  built  in  England  and  France — countries  which  rely  nearly  ex- 
clusively on  the  sugar-beet  to  supply  them  with  sweets.  This  con- 
dition of  affairs  is  worthy  of  grave  consideration,  and  no  greater 
service  could  be  rendered  the  agricultural  and  other  industries  of  our 
country  than  by  the  establishment  of  an  indigenous  sugar  industry. 

The  wisdom  of  foreign  nations  has  been  shown  in  similar  direc- 
tions by  the  development  of  the  beet-sugar  industry.    The  sugar- 
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beet  a  few  years  ago  was  a  plant  not  notably  rich  in  sugar  and  afford- 
ing a  juice  which  was  little  amenable  to  treatment.  Under  the  foster- 
ing care  of  the  French  and  German  Governments,  however,  the  sugar- 
beet  has  become  a  plant  but  little  inferior  to  the  sugar-cane  of  the 
tropics  as  a  producer  of  sugar.  With  the  aid  of  State  experiment 
stations  and  the  help  of  State  schools  of  instruction  the  production 
of  beet-sugar  has  become  a  scientific  procedure,  reflecting  alike 
credit  on  the  governments  which  have  fostered  the  industry  and  the 
men  who  have  devoted  their  labor  and  ability  to  its  development. 

In  the  United  States  the  area  which  can  possibly  be  devoted  to  the 
production  of  sugar  cane  is  a  limited  one.  Small  portions  of  Florida, 
Louisiana,  and  Texas  only  can  hope  to  compete  with  the  tropics  in 
the  production  of  cane  sugar.  It  is  believed,  however,  that  by  the 
adoption  of  the  processes  introduced  by  the  Department  and  the 
spread  of  a  more  scientific  agriculture  the  quantity  of  cane  sugar 
produced  can  be  vastly  increased.  Since  the  Dej^artment  first  insti- 
tuted a  regular  chemical  control  of  a  sugar  factory  in  Louisiana  the 
production  of  cane  richer  in  sugar  has  been  secured,  the  method  of 
manufacture  rendered  more  effective  and  economical,  and  the  inter- 
est of  the  planters  enlisted  in  securing  a  more  scientific  method  of 
manufacture.  Not  tlire  least  important  result  of  the  work  of  the  De- 
partment in  this  direction  has  been  the  establishment  of  a  State 
sugar  experiment  station  in  Louisiana,  the  result  of  the  interest  in 
scientific  sugar-making  awakened  by  the  work  of  the  Department. 

The  quantity  of  sugar  afforded  by  the  maple  forests  of  our  country 
is  necessarily  limited,  and  it  can  not  be  considered  as  an  important 
factor  in  the  sugar  problem  from  a  commercial  view.  Doubtless  the 
quantity  of  the  product  can  be  greatly  increased,  but  the  increase  at 
best  can  be  but  slow.  Maple  sugar  will  continue  to  be  valuable  for 
its  quality  rather  than  quantity. 

There  are  many  parts  of  our  country  which  are  well  adapted  to  the 
culture  of  the  sugar-beet,  and  we  may  hope  to  see  in  the  near  future 
a  very  considerable  development  of  the  industry.  Already  on  the 
Pacific  coast  beet  sugar  has  been  made  successfully  for  several  years, 
and  an  additional  impetus  has  recently  been  given  to  the  industry 
by  a  gentleman  of  well-known  energy  and  great  wealth.  Not  only 
in  California,  but  also  in  Oregon  and  Washington  Territory  are 
found  extensive  localities  where  a  beet  rich  in  sugar  can  be  grown. 
On  this  side  of  the  Rocky  Mountains,  northern  Indiana,  southern 
and  western  Michigan,  northern  Ohio,  and  New  York  also  present 
soil  and  climate  favorable  to  the  culture  of  the  sugar-beet.  It  is  not 
a  vain  hope,  therefore,  which  leads  us  to  expect  a  considerable  devel- 
opment of  this  valuable  industry  within  the  next  few  years. 

One  of  the  most  promising  sources  of  sugar,  however,  for  home 
consumption,  is  found  in  the  sorghum  plant.  For  many  years  the 
Department  of  Agriculture  has  given  much  attention  to  the  investi- 
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gation  of  the  sugar-producing  qualities  of  the  sorghum.     These  in- 
vestigations have  been  both  of  a  scientific  and  technical  nature. 
Many  of  them  have  resulted  in  most  discouraging  results;  either  the 
poor  quality  of  the  cane  or  the  defective  character  of  the  machinery 
prevented  the  successful  manufacture  of  sugar  on  an  economical  ba- 
sis.    A  few  years  ago,  when  the  old  process  of  extracting  the  juice 
by  pressing  between  rollers  was  still  in  vogue,  the  sorghum-sugar 
industry  was  in  a  moribund  condition.     A  great  deal  of  private  cap- 
ital had  been  invested  in  manufacturing  enterprises,  and  these  invest- 
ments all  proved  disastrous. 

The  Department  of  Agriculture,  however,  was  determined  to  save 
this  industry  if  possible,  and,  with  this  idea  in  view,  it  was  deter- 
mined to  make  a  study  of  the  process  of  diffusion  as  applied  to  the 
extraction  of  saccharine  juices  from  sorghum  cane.  This  process 
differs  essentially  from  the  old  milling  process.  In  diffusion,  the 
canes  are  cut  into  fine  pieces  (the  finer  the  better)  and  subjected,  in 
closed  vessels,  to  successive  charges  of  hot  water.  By  this  proc- 
ess— for  the  details  of  which  the  bulletins  of  the  Department,  of  the 
division  of  chemistry,  can  be  consulted — the  sugar  of  the  cane  is 
almost  completely  extracted  in  a  condition  favorable  to  epuration 
and  condensation.  During  the  past  four  years  the  Department  has 
labored  steadily,  often  under  the  most  adverse  circumstances,  to 
perfect  this  process. 

The  first  year's  work  during  my  incumbency  of  office  was  produc- 
tive of  two  valuable  results.  The  first  of  these  was  to  show  that  the 
method  of  cutting  the  cane  first  eiiii)loyed  was  wholly  impracticable. 
The  second  proved  that  the  style  of  diffusion  battery  employed  for 
the  sugar-beet  was  inapplicable  to  sorghum  cane.  This  result  could 
only  have  been  learned  by  actual  trial,  and  it  was  a  fortunate  thing 
that  so  costly  an  experience  should  have  been  secured  at  public  ex- 
pense rather  than  at  the  financial  ruin  of  private  individuals,  with 
its  discouraging  effects  ui>on  the  industry  at  largo.  The  second 
year's  trial  resulted  in  a  complete  removal  of  the  mechanical  diffi- 
culties which  had  been  encountered  in  the  operation  of  the  diffusion 
battery.  The  improvement,  however,  in  the  cutting  apparatus  was 
not  suflBciently  great  to  secure  successful  operation  of  that  part  of 
the  machinery. 

At  this  juncture  the  ingenuity  of  a  gentleman  not  connected  with 
the  Department  at  that  time  helped  us  out  of  our  difficulty,  and  the 
machinery  and  apparatus  devised  by  Mr.  H.  A.  Hughes,  of  Rio 
Grande,  N.  J.,  and  at  once  adopted  by  the  Department,  has,  with 
some  slight  modifications,  proved  completely  successful  in  cutting 
and  cleaning  the  sorghum  cane  and  fitting  it  for  the  diffusion  bat- 
tery. The  difficulties  which  the  agents  of  the  Department  have  in- 
curred in  this  work  can  scarcely  be  appreciated  by  those  who  are  not 
acquainted  with  the  details  of  the  experiments.     Every  problem  con- 
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nected  with  the  successful  conduct  of  the  work  had  to  be  ai)proached 
along  unknown  lines  of  observation,  and .  as  a  consequence  failure 
more  often  attended  the  results  of  the  work  than  success.  Not  only 
was  it  necessary  to  contend  with  these  chemical  and  mechanical  diffi- 
culties, but  also  the  imjjatience  of  those  who  were  interested  in  the 
success  of  the  work,  which  was  often  manifested  in  such  a  way  as  to 
positively  hinder  the  progi-ess  therein. 

Attempts  were  also  made  at  this  time  to  introduce  the  process  of 
diffusion  for  the  manufacture  of  sugar  from  sugar-cane.  Guided 
by  the  experience  obtained  in  the  study  of  the  sorghum  problem,  the 
experiments  in  the  application  of  diffusion  to  sugar-cane  proved 
speedily  successful.  During  the  season  of  1 887  the  Department  suc- 
ceeded in  manufacturing,  on  a  commercial  scale,  as  high  as  230 
pounds  of  sugar  per  ton  of  cane,  a  quantity  which  seems  almost 
marvelous  when  compared  with  the  average  results  obtained  by  mill- 
ing in  Louisiana.  As  a  result  of  this  exj^eriment  two  large  planta- 
tions in  the  South,  one  in  Louisiana  and  one  in  Texas,  hav-e  intro- 
duced the  diffusicm  system  to  the  exclusion  of  the  mill.  The  increase 
in  the  output  of  sugar  is  so  gi'eat,  as  compared  with  the  additional 
expense  of  evaporation,  as  to  indicate  a  speedy  displacement,  through- 
out the  entire  sugar  region  of  the  South,  of  the  old  process  by  the  new. 

Not  the  least  important  of  the  points  determined  by  the  investiga- 
tions of  the  Department  during  the  last  few  years  is  the  limitation 
of  the  region  in  which  it  appears  that  sorghum  can  be  grown  as  a 
sugar-producing  plant.  In  the  earlier  investigations  made  in  this 
line  it  was  announced  tliat  sorghum  could  be  successfully  grown  as  a 
sugar-producing  plant  in  any  locality  which  would  produce  maize. 
It  is  true  tliat  sorghum  will  grow  and  mature  in  nearly  all  localities 
in  which  Indian  corn  will  ripen.  The  past  researches  of  the  Depart- 
ment, however,  have  emphasized  the  fact  that  not  only  the  growth 
of  the  plant  but  the  time  required  for  its  economical  manufacture 
must  be  taken  into  consideration.  In  localities  subject  to  severe  and 
early  frosts  the  season  for  the  manufacture  of  sorghum  sugar  is  so 
limited  in  extent  as  to  make  the  successful  manufacture  of  sugar  al- 
most if  not  quite  impossible.  It  seems,  therefore,  that  sorghum - 
sugar  factories  should  be  established  only  in  those  portions  of  the 
country  where  it  is  reasonably  certain  that  no  severe  freeze  will  oc- 
cur before  the  1st  of  November. 

Another  important  point  in  regard  to  the  sorghum-sugar  industry 
is  found  in  the  fact  that  S(jrghuni  appears  to  flourish  in  regions  too 
hot  and  dry  for  the  successful  production  of  maize.  The  western 
and  southern  portions  of  Kansas  seem  to  be  peculiarly  well-adapted 
to  the  growth  of  sorglium,  and  it  will  doubtless  prove  true  that 
throughout  the  Indian  Territory,  portions  of  Texas,  and  in  many 
other  localities  in  the  United  States  similar  suitable  soil  and  climatic 
conditions  will  be  found. 
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The  area  of  land  necessary  to  produce  the  whole  of  the  sugar  con- 
sumed in  the  United  States  will  probably  not  exceed  four  or  five 
million  acres.     It  is  therefore  seen  that  those  localities  which  are 
most  favorable  to  the  production  of  sugar  should  be  selected  for  this 
purpose.     Important  points  in  the  production  of  sorghum  for  sugar 
have  been  developed  by  the  experience  of  the  past  season  in  south- 
western Kansas.     At  Douglass  and  Conway  Springs,  where  the  De 
partment  had  experiment  stations,  the  hot,  dry  weather  of  July  and 
August  cut  short  the  crop  of  Indian  corn,  in  some  localities  producing 
almost  a  complete  failure  thereof.     The  sorghum  crop,  however, 
grew  and  flourished  throughout  this  dry  season  and  the  yeild  was  a 
fair  average.     The  importance  of  this  fact  to  the  semi-arid  regions  in 
the  localities  I  have  mentioned  can  not  well  be  overestimated. 

The  easy  variability  of  the  sorghum  plant  is  also  a  point  which 
has  received  a  great  deal  of  attention  in  the  investigations  carried 
on  by  the  Department.  The  fact  that  sorghum  often  shows  a  sugar- 
producing  quality  almost  equal  to  that  of  sugar-cane  has  been  pointed 
out  in  our  official  bulletins.  Its  tendency  also  to  yield  a  product 
unfit  for  sugar-making  has  been  equally  the  subject  of  study.  All 
the  principles  of  scientific  agriculture  go  to  show  that  in  a  plant  of 
wide  variations  it  is  possible  to  secure  and  transmit  the  good  quali- 
ties of  the  plant  in  such  a  way  as  to  produce  a  variety  which  will 
retain,  under  proper  conditions,  the  very  best  qualities  of  the  natural 
variations.  This  being  the  case  there  is  every  reason  to  believe,  as 
has  so  often  been  pointed  out  in  the  bulletins  of  the  Department, 
that  it  is  possible  to  develop  a  variety  or  varieties  of  sorghum 
which  will  tend  to  show  a  maximum  content  of  crystallizable  sugar 
and  a  minimum  content  of  substances  not  sugar  in  the  juice.  It 
was  in  the  line  of  such  investigation  that  the  experiment  station 
at  Sterling  was  established  during  the  last  season,  where  most  valu- 
able work  was  done  in  determining  the  very  points  just  mentioned. 

The  further  investigation  of  the  problem  of  the  production  of  our 
own  sugar  it  seems  to  me  should  be  continued  in  the  following  di- 
rections :  First,  the  establishment  of  a  special  experiment  station  in 
a  suitable  locality  for  the  further  study  of  the  variations  in  the 
.sorghum  i)lant  with  a  view  to  the  perpetuity  of  those  qualities  which 
tend  to  produce  a  plant  best  suited  to  the  manufacture  of  sugar. 
Such  a  station,  in  order  to  secure  proper  results,  should  be  estab- 
lishe<l  for  a  term  of  years,  so  that  the  problem  might  be  subjected  to 
a  thorough  investigation. 

Second.  In  order  to  avoid  financial  disasters  in  the  conduct  of  the 
business  a  school  should  be  established  in  which  instruction  could  be 
given  in  the  proj^er  method  of  raising  and  nianufac.-turing  sorghum, 
sugar-cane,  and  the  sugar-beet.  This  c()nil)ine(l  scientific  and  tech- 
nical instruction  would  prepare  a  large  numl>er  of  persons  for  tak- 
ing charge  of  sugar  factories  and  operating  them  scientifically  and 
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economically.  The  danger  of  undertaking  such  a  business  as  the 
manufacture  of  sugar  without  a  thorough  knowledge  of  the  condi- 
tions which  underlie  it  has  been  illustrated  a  sufficient  number  of 
times  in  this  country  by  the  financial  ruin  of  those  who  have  put 
their  money  into  sugar  factories.  It  is  believed  that  the  Department 
of  Agriculture  could  not  do  a  more  valuable  work  for  the  promo- 
tion of  the  sugar  industry  than  in  preparing  suitable  persons  for  the 
work  indicated. 

During  the  past  year  I  have  been  credibly  informed  that  the  sugar 
factory  at  Fort  Scott,  Kans.,  using  largely  the  machinery  erected  by 
the  Department,  has  succeeded  in  manufacturing  sugar  from  sor- 
ghum at  a  profit.  During  the  past  manufacturing  season,  at  the 
request  of  the  manager  of  the  Fort  Scott  factory,  I  have  permitted 
them  to  use  the  machinery  belonging  to  the  Department  of  Agri- 
culture without  cost.  This  machinery  consists  of  a  diffusion  battery 
and  a  large  number  of  pumps,  engines,  centrifugal  machines,  and 
other  apparatus.  I  sincerely  regret  that,  being  accorded  the  use  of 
this  machinery  by  the  courtesy  of  the  Department,  they  should  have 
refused  to  make  known  for  the  public  benefit  the  practical  results  of 
their  work.  This  action  shows  that  it  would  be  much  better  for 
public  interests  if  all  experiments  conducted  by  the  Department 
could  be  made  wholly  independent  of  any  connection  with  private 
capital.  If  sugar  can  be  manufactured  profitably  in  this  case  it  can 
be  in  every  other  where  proper  machinery  is  employed  and  skilled 
labor  used. 

I  have  made  this  brief  review  of  the  condition  of  the  sugar  prob- 
lem with  the  hope  of  securing  a  still  greater  prosperity  for  the  sugar 
industry  of  the  United  States  with  the  ultimate  object  of  producing 
at  home  all  the  sugar  which  we  consume. 

ADULTERATED  FOOD. 

On  assuming  the  duties  of  my  office  I  was  impressed  with  the  ex- 
tent of  food  adulteration  and  the  injury  worked  thereby  to  tlio  agri- 
culturists of  the  country.  In  order  to  determine  the  nature  of  adul- 
terations used  in  food  and  the  best  methods  of  detecting  them  the 
chemist  of  the  Department  was  directed  to  a  make  a  thorough  in- 
vestigation of  this  subject.  The  results  of  these  investigations  will 
be  published  as  Bulletin  13  of  the  chemical  division,  three  paints  of 
which  have  already  been  issued  from  the  press  and  the  remainder  of 
which  is  in  an  advanced  state  of  preparation. 

Up  to  the  present  time  the  investigations  of  the  Department  have 
revealed  the  fact  that  the  adulterations  practiced  are,  for  the  greater 
part,  innocent  in  effect  upon  the  health  of  the  consumer.  The  sole 
object  of  adulteration  seems  to  be  to  afford  a  cheaper  article  of  food 
under  the  form  and  name  of  the  genuine  article.     The  fraud  is  there- 
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fore  one  of  a  financial  nature,  and  happily  few  cases  have  been  discov- 
ered of  admixtures  with  food  of  substances  deleterious  to  health. 

As  an  illustration  of  the  character  of  adulteration  I  may  cite  the 
case  of  lard.  Lard  is  certain  parts  of  the  fat  of  the  hog  separated 
by  means  of  heat  from  the  other  tissues  of  the  animal  and  purified 
by  allowing  to  stand  in  a  melted  state  until  all  sedentary  matter  has 
gathered  at  the  bottom  of  the  tank.  Under  the  head  of  *' refined 
lard,"  however,  there  is  found  in  commerce  a  large  quantity  of  a  sub- 
stance sold  as  lai'd  which  is  a  mixture  of  pure  lard  with  stearineand 
cotton  oil  in  varying  proportions.  As  far  as  our  observations  have 
extended  this  mixture  known  as  refined  lard  is  equally  as  digestible 
and  whfdesome  as  the  pure  article.  It  can  also  occupy  with  success 
the  place  of  lard  in  many  culinary  operations.  The  cotton  oil,  how- 
ever, being  much  cheaper  than  pure  lard,  enables  this  product  to  be 
placed  upon  the  market  at  a  cost  much  less  than  that  of  pure  lard. 
The  only  objection  to  its  use„therefore,  that  can  be  urged  is  that  it  is 
sold  under  a  wrong  name  and  for  an  article  which  it  is  not. 

I  can  see  no  possible  objection  to  the  manufacture  of  a  mixed  lard 
or  compound  lard,  the  components  of  which  are  well  known  to  the 
purchasers,  who  are  perfectly  well  acquaintqd  with  the  composition 
of  the  article  which  they  are  buying.  Thei*e  is  no  doubt,  however, 
that  many  persons  who  have  purchased  the  so-called  refined  lards  of 
commerce  have  done  so  with  the  understanding  that  they  were  ordi- 
nary lards  which  had  been  subjected  to  a  process  of  refinement.  It 
seems  but  just  that  the  producers  of  pure  lard  should  be  protected 
from  a  competition  of  this  kind.  The  investigations  of  the  Depart- 
ment have  shown  the  character  of  these  adulterations  and  have  es- 
tablished safe  and  certain  methods  for  their  detection. 

Other  subjects  investigated  have  been  butter  and  milk,  fermented 
drinks,  spices  and  condiments,  baking  powders,  sugar,  honey,  and 
molasses,  and  tea,  coffee,  and  chocolate.  In  many  of  these  sub- 
stances extensive  adulterations  have  been  found,  and  in  a  short  time 
the  results  of  the  work  will  be  laid  before  the  public.  I  need  hardly 
emphasize  again  the  importance  of  such  work  as  this  to  the  farming 
interests  of  the  country  and  the  difficulty  of  securing  a  proper  con- 
duct of  it  outside  of  the  national  Department  of  Agriculture.  The 
character  of  the  investigations  requires  painstaking  and  laborious 
laboratory  work,  which  is  of  such  an  extensive  nature  as  to  be 
almost  excluded  from  the  work  of  the  State  experiment  stations. 
It  is  work  of  this  kind  which  seems  to  be  the  special  province  of  in- 
vestigations carried  on  by  the  Department. 

AGRICULTURAL  STATISTICS. 

The  statistical  division  of  the  Department  has  been  subjected  to 
extraordinary  demands  during  the  past  year.  The  ordinary  work  of 
collecting,  collating,  and  recording  the  official  and  other  facts  of  agri- 
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Changes  and  improvements  in  this  direction  are  necessarily  of  slow- 
growth,  and  the  result  of  careful  and  protracted  experiments.  The 
great  majority  of  cultivators  are  not  so  circumstanced  as  to  devote 
the  time  and  expense  needed  for  such  experiments,  and  hence  arises 
the  necessity  of  Government  aid  in  this  direction.  I  have  previously 
advocated  the  establishment  of  stations  for  experimentation  as  to 
new  grasses  and  forage  plants,  especially  in  the  arid  portions  of  the 
country.  It  is  a  pleasure  to  record  the  fact  that  a  beginning  has 
been  made  in  this  work.  Among  the  recent  appropriations  to  this 
Depai'tment  was  a  moderate  sum  for  the  establishing  of  such  sta- 
tions. 

It  was  determined  that  one  of  these  stations  should  be  located 
west  of  the  one  hundredth  meridian.  After  a  careful  investiga- 
tion a  site  was  selected  at  Garden  City,  in  soutliwestern  Kansas, 
where  a  public-spirited  citizen  gave  a  free  lease  to  the  Government, 
for  five  years,  of  160  acres  of  land  on  the  high  prairie  2  miles 
north  of  the  city.  This  is  so  located  that  irrigation  can  be  employed 
on  such  portions  of  the  land  as  may  be  desirable.  The  object  of 
the  station  is  to  make  experiments  with  all  kinds  of  grasses  and 
forage  plants  which  give  promise  of  utility  and  of  adaptation  to 
the  climatic  conditions  of  the  arid  plains,  and  furnish  a  substitute  for 
the  scanty  pasturage  now  existing.  In  order  to  secure  the  perma- 
nent settlement  of  this  portion  of  the  country  it  is  highly  important 
to  ascertain  what  can  be  depended  upon  in  the  cultivation  of  the 
dry  uplands  where  irrigation  can  not  bo  applied.  It  is  a  question 
affecting  the  interests  of  thousands  of  settlers,  and  a  matter  of  pub- 
lic interest  generally. 

I  appointed  Prof.  J.  A.  Sewall,  of  Denver,  as  superintendent  of 
the  station,  and,  although  late  in  the  season,  work  was  begun  at  once. 
Eighty  acres  were  substantially  fenced  with  barbed  wire,  15  acres 
were  plowed  and  prepared  for  seeding,  a  seed-house  was  erected,  a 
portion  was  planted  with  sods  of  several  kinds  of  grasses,  an  invoice 
of  seeds  has  been  procured  from  France,  and  a  quantity  of  seeds  of 
native  grasses  has  been  obtained  in  readiness  for  use  at  the  proper 
time  in  the  spring.  The  progress  of  those  experiments  will  be  watched 
with  great  interest,  but  definite  results  can  not  be  expected  without 
the  allowance  of  a  considerable  period  of  time. 

Arrangements  have  also  been  made  with  the  trustees  of  the  Mis- 
sissippi Agricultural  College  to  prosecute  a  course  of  experiments 
and  trials  Avith  reference  to  the  discovery  of  the  best  grasses  for  the 
climatic  conditions  of  the  South.  These  experiments  will  be  com- 
menced immediately,  and  be  continued,  it  is  hoped,  until  definite 
and  satisfactory  results  are  obtained. 

It  is  gratifying  to  note  also  that  a  more  liberal  appropriation  was 
granted  for  the  improvement  of  the  herbarium,  and  for  acquiring  a 
better  acquaintance  with  the  vegetation  of  the  country,  particularly 
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in  new  and  little-known  regions.  It  is  very  important,  both  from  a 
practical  and  scientific  point  of  view,  that  here  at  the  seat  of  Gov- 
ernment means  should  be  available  for  obtaining  full  information 
respecting  the  productions  and  resources  of  the  country. 

It  is  certain  that  our  numerous  agricultural  colleges  will  have 
many  occasions  to  seek  such  information,  and  our  ability  to  be  help- 
ful to  them  in  this  and  other  directions  is  the  legitimate  function  of 
this  division  of  the  Department.  I  have  to  recommend,  therefore, 
that  liberal  appropriations  for  the  work  of  the  division  be  continued. 

SECTION  OF  VEGETABLE  PATHOLOGY. 

During  the  past  year  the  duties  of  this  section  have  been  prose- 
cuted with  vigor ;  the  correspondence  has  been  steadily  increased, 
and  this,  together  with  the  regular  routine  office  work,  has  consumed 
a  large  part  of  the  time  of  the  divisional  force.  Early  in  the  season 
a  report  on  the  experiments  made  in  1887  on  the  treatment  of  downy 
mildew  and  black-rot  of  the  grape  vine  was  published,  and  the  de- 
mand for  this  publication  fully  attests  the  interest  felt  in  this  inves- 
tigation by  those  whom  the  work  was  intended  to  benefit. 

In  addition  to  the  foregoing,  the  section  has  published  a  circular 
on  fungicides,  or  remedies  for  plant  diseases,  and  a  report  setting 
forth  the  history  and  progress  of  black-rot  of  the  grape  in  America. 
The  circular  was  prepared  chiefly  for  the  use  of  directors  of  agricult- 
ural experiment  stations,  and  to  answer  the  queries  of  many  cor- 
respondents. 

Papers  on  apple-scab,  bitter-rot  of  apples,  strawberry-leaf  blight, 
beet  rust,  cotton- leaf  blight,  anthracnose  of  the  bean,  anthracnose  of 
the  raspberry,  leaf -spot  disease  of  the  catalpa,  black-spot  on  rose 
leaves,  rose  rust,  powdery  mildew  of  the  gooseberry,  smut  and  rust 
of  Indian  com,  etc.,  have  been  published  in  the  annual  report  of  the 
section  for  1888.  A  report  on  the  potato  blight  and  rot  has  been 
prepared  and  is  ready  for  publication.  Material  is  now  being  col- 
lected for  a  report  on  the  powdery  mildews  of  the  United  States,  and 
a  second  and  enlarged  edition  of  Bulletin  No.  2  on  fungus  diseases 
of  the  vine. 

During  the  greater  part  of  the  summer  an  agent  has  been  at  work 
in  Montana  collecting  specimens  of  the  economic  fungi  of  that  re- 
gion. In  this  work  particular  attention  has  been  given  to  the  fungi 
of  grasses,  and  arrangements  have  been  made  for  distributing  these 
among  the  various  agricultural  colleges  and  experiment  stations. 

Throughout  the  season  experiments  in  the  treatment  of  mildew  and 
black-rot  have  been  conducted  by  special  agents  located  in  New  Jer- 
sey, Virginia,  Missouri,  and  Texas,  and  the  material  these  have  fur- 
nished will  form  the  basis  of  a  report  soon  to  be  published. 

Successful  trecUment  of  black-rot  of  grapes. — The  experiments  made 
under  my  directions  at  Vineland,  N,  J.,  and  elsewhere  during  the 
AQ99 3 
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season  have  clearly  demonstrated  that  black-rot — ^the  scourge  of  the 
vineyardist — may  be  prevented  by  the  proper  application  of  Bordeaux 
mixture  or  other  preparations  of  sulphate  of  copper. 

While  the  efficacy  of  these  remedies  can  no  longer  be  doubted,  it 
must  be  borne  in  mind  that  to  successfully  combat  this  disease  it  is 
absolutely  necessary  to  thoroughly  understand  the  habits  of  the 
fungus  which  is  the  dii^ect  cause  of  it.  Every  grape-grower,  there- 
fore, should  first  familiarize  himself  with  the  manner  in  which  the 
fungus  lives  from  year  to  yefi^r,  how  it  gains  access  to  the  tissues  of 
the  leaves  and  fruit,  and,  once  therein,  produces  rot.  A  course  of 
treatment  for  this  malady,  which  will  be  economical,  practical,  and 
efficacious,  will  be  definitely  indicated  in  a  report  now  in  prepara- 
tion. 

It  is  gratifying  to  announce  that  the  importation  of  French  spray- 
ing pumps  and  bellows  for  applying  the  various  preparations  of  sul- 
phate of  copper  has  led  to  such  a  demand  for  these  appliances,  that 
a  number  of  similar  machines  have  been  constructed  here  and  are 
now  on  the  market.  Several  of  tliese  are  described  in  the  report  on 
the  treatment  of  grape  diseases,  to  which  we  have  already  referred. 

As  the  work  of  the  section  progresses  the  necessity  for  extended 
field  observations  and  experiments  becomes  more  and  more  evident. 
It  is  true  that  laboratory  investigations  must  be  carried  on,  but  in 
addition  work  in  the  field  is  absolutely  necessary  to  insure  practical 
results.  A  station  located  where  a  large  number  of  economic  plants 
could  be  cultivated,  and  in  a  region  favorable  to  the  development  of 
fungous  diseases,  would  be  of  untold  value  in  the  prosecution  of  the 
section's  work.  Here  the  work,  which  must  now  be  intrusted  en- 
tirely to  special  agents,  located  at  various  places  and  often  depending 
entirely  on  written  directions,  could  be  carried  on  under  the  personal 
supervision  of  an  experienced  and  comjietent  director,  and  we  could 
confidently  expect  that  the  practical  results  would  be  threefold  what 
they  are  at  present. 

Such  a  station  is  almost  an  absolute  necessity  for  making  inocula- 
tions and  for  experimenting  on  the  value  and  time  for  applying 
fungicides.  For  the  past  two  years  the  money  and  energy  of  the 
section  have  been  especially  devoted  to  experimenting  on  the  fungi 
affecting  the  grape,  but  requests  are  coming  from  farmers  and  gar- 
deners all  over  the  Union  that  we  investigate  the  causes  of,  and  try 
the  effects  of  fungicides  uptm,  other  diseases.  The  root-rot  and  scab 
of  the  orange,  the  rust  and  bitter-rot  of  apples,  the  spot  disease  of 
the  pear  and  quince,  the  strawberry  rust  and  cotton  blight,  are  but  a 
few  of  the  many  diseases  which  are  causing  immense  losses  yearly 
to  the  farming  community,  and  justly  claim  our  attention.  To  reach 
definite  results  in  all  these  diseases  through  the  work  of  special  agents 
alone  will  require  an  unnecessary  outlay  of  time  and  money.  More- 
over, but  few  of  the  State  experiment  stations  are  at  work  in  this 
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line,  and  it  seems  to  devolve  upon  this  Department  to  establish 
thorough  aud  effective  work  in  this  most  important  field. 

Peach  ''  Yellows  J' — An  investigation  of  this  obscure  and  destruc- 
tive malady  was  begun  in  July,  1887,  by  an  agent  of  the  section  and 
has  been  pi'osecuted  continually  to  date. 

Very  thorough  examinations  have  been  made  in  tlie  orchards  of 
Michigan,  Maryland,  and  Delaware,  and  the  orchai*ds  in  some  other 
States  have  been  visited  for  special  purposes.  The  results  of  these 
investigations  have  been  embodied  in  a  special  report  which  i«  now 
ready  for  the  i)rinter.  The  disease  is  more  widespread  and  destruc- 
tive than  was  supposed,  and  is  gradually  extending  the  area  of  its 
influence.  Hundreds  of  orchai*ds  on  the  Atlantic  coast  are  being 
destroyed,  and  the  entire  industry  of  peach-growing  in  the  northern 
part  of  the  Chesapeake  and  Delaware  Peninsula  bids  fair  to  be  swept 
away  if  the  cause  of  the  disease  can  not  be  discovered  and  some 
means  devised  for  keeping  it  in  check. 

An  exhaustive  microscopic  and  physiological  study  of  the  roots, 
trunks,  branches,  leaves,  and  fruit  of  both  healthy  and  diseased 
trees,  designed  to  throw  light  upon  the  nature  of  the  malady,  is  now 
under  way,  and  authority  and  means  are  requested  to  continue  these 
and  other  investigations. 

DIVISION  OF  GARDENS   AND   GROUNDS. 

The  work  of  this  division  consists  largely  in  the  care  and  keeping 
of  the  reservation  under  the  control  of  the  Department.  This  reser- 
vation contains  upwards  of  35  acres,  every  foot  of  which  requires 
cultivation  or  care,  except  such  portions  as  are  occupied  by  build- 
ings. The  ornamentation  of  the  gi'ounds  requires  the  yearly  propa- 
gation of  over  20,000  plants  of  various  kinds.  Merely  ornamental 
plants  are  not  propagated  for  general  distribution,  but  only  those 
which  promise  to  be  of  economic,  industrial,  or  commercial  value. 
Of  this  latter  class  of  plants  there  is  a  yearly  average  of  90,000  prop- 
agated, culivated,  prepared,  and  mailed  to  various  sections  of  the 
United  States. 

Particular  attention  is,  at  the  present  time,  being  given  to  the  in- 
troduction and  propagation  of  the  best  varieties  of  the  European 
olive.  The  cultivation  of  olive  trees  and  the  manufacture  of  their 
products  have  become  industries  of  considerable  importance  on  the 
Pacific  coast,  and  it  is  fairly  presumed  that  equal  success  will  fol- 
low the  introduction  of  this  plant  in  the  Southern  States,  where  cli- 
matic conditions  are  favorable  to  its  growth. 

The  demand  for  semi-tropical  and  tropical  x^laiits  of  economic 
value  for  the  most  southern  regions  of  the  States  is  constantly  in- 
creasing ;  these  demands  are  recognized  and  met,  as  far  as  practicable; 
but  applications  for  seeds  and  plants  of  strictly  tropical  species  are 
not  encouraged,  from  the  fact  that  the  limits  of  their  profitable  cult- 
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ure  are  so  restricted,  that  no  results  of  commercial  importance  can 
be  hoped  from  their  introduction  ;  at  the  same  time  it  is  duly  recog- 
nized that  carefully-conducted  experimental  tests  are  necessary  to 
truly  demonstrate  the  adaptability  or  otherwise  of  plants  to  climates 
or  locations  other  than  those  of  their  native  habitats,  so  that  prac- 
tical tests  continue  to  be  made  with  plants  whose  prospective  value 
warrants  this  experimentation. 

DIVISION  OF  ECONOMIC   ORNITHOLOGY  AND   MAMMALOGY. 

The  work  of  this  division  during  the  past  year  has  been  confined 
in  the  main  to  the  collection  and  elaboration  of  material  relating  to 
the  investigations  mentioned  in  my  last  report. 

A  year  ago  two  bulletins  were  ready  for  the  printer,  one  on  the 
English  Sparrow,  the  other  on  Bird  Migration  in  the  Mississippi 
Valley.  The  latter  work  has  been  issued  in  the  form  of  a  compact 
octavo  volume  of  313  pages,  accompanied  with  a  hypsometric  map 
of  the  Mississippi  Valley,  showing  the  positions  of  the  observation 
stations.  The  manuscript  of  the  bulletin  on  the  English  Sparrow 
is  now  in  the  hands  of  the  Government  Printer,  and  it  is  hoped  that 
the  bulletin  will  appear  at  an  early  date. 

Since  the  publication  of  my  last  preliminary  report  a  carefully 
conducted  series  of  experiments  in  poisoning  .  noxious  birds  was 
made  by  one  of  the  assistant  ornithologists,  and  the  results  were  incor- 
porated in  the  annual  report  of  the  division  for  1887,  In  the  same  re- 
port appeared  the  results  of  a  critical  examination  of  the  stomachs  of 
more  than  one  thousand  hawks  and  owls,  tabulated  by  the  same  assist- 
ant. The  work  in  this  direction  has  been  continued  during  the  past 
year,  and  another  assistant  has  spent  much  time  in  the  examination 
of  the  stomachs  of  crows.  The  results  of  all  these  examinations, 
together  with  copious  notes  on  the  food-habits  of  the  species  con- 
cerned, will  appear  in  two  special  bulletins  already  in  an  advanced 
stage  of  preparation. 

In  undertaking  to  identify  the  stomach  contents  of  fruit-eating  and 
seed-eating  birds  it  became  evident  at  once  that  no  substantial  prog- 
ress could  be  made  without  a  reference  collection  of  seeds,  berries, 
and  the  pits  of  fruits.  Such  a  carpological  collection  does  not  exist 
either  in  the  Department  of  Agriculture  or  the  U.  S.  National  Mu- 
seum; therefore  it  has  been  necessary  for  members  of  the  division 
to  collect  this  indispensable  material  in  order  to  carry  on  the  work  of 
identifying  the  stomach  contents  of  crows,  blackbirds,  and  many 
other  species. 

Considerable  progress  has  been  made  in  arranging  for  publication 
the  large  amount  of  material  in  hand  relating  to  the  depredations  of 
blackbirds,  but  this  work,  as  well  as  that  relating  to  the  rice-bird  or 
bobolink,  is  held  back  temporarily  for  lack  of  sufficient  competent 
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field  observation  and  experiment  to  complete  the  investigations  and 
determine  the  economic  status  of  the  species. 

Perhaps  the  most  important  feature  of  the  work  of  the  year  has 
been  the  collection  and  arrangement  of  material  for  one  or  more 
bulletins  on  the  Pocket  Gophers  and  Ground  Squirrels  of  the  United 
States — a  work  of  surpassing  importance  to  the  agriculturists  of  the 
Mississipi)i  Valley,  and,  indeed,  the  whole  of  the  western  two-thirds 
of  the  continent,  though  the  magnitude  of  the  losses  occasioned  by 
these  animals  and  the  imperative  demand  for  a  remedy  are  almost 
unknown  and  entirely  unappreciated  in  the  Eastern  States.  During 
the  past  summer  an  energetic  field  agent  has  devoted  much  time  to 
this  work  in  Nebraska,  Dakota,  Wyoming,  and  Utah;  and  the  or- 
nithologist of  the  Department  visited  parts  of  Montana,  Washington 
Territory,  Oregon,  and  California  in  order  to  study  personally  the 
different  phases  of  the  problem  there  presented,  as  well  as  the  reme- 
dial measures  employed  by  the  farmers  of  the  region. 

The  attempt  to  remedy  the  gopher  evil  by  the  award  of  bounties 
has  proved  as  useless  as  in  the  case  of  the  rabbit  plague  and  spar- 
row scourge;  and  the  persistency  with  which  this  method  is  resorted 
to  shows  the  necessity  for  a  compilation  of  bounty  laws  and  their 
results,  at  least  in  the  United  States.  Such  a  compilation  was  begun 
two  years  ago  in  connection  with  the  sparrow  investigation,  and  has 
been  continued  since,  the  scope  of  the  work  being  enlarged  to  cover 
all  legislation  directly  affecting  undomesticated  birds  and  mammals. 

The  importation  of  exotic  species  was  spoken  of  in  my  annual  re- 
port for  1886.  During  the  past  year  the  division  has  collected  con- 
siderable information  relating  to  this  subject,  particularly  to  the 
colonization  of  Asiatic  pheasants  in  the  Pacific  coast  region.  This 
information  will  appear  in  the  report  of  the  division  for  1888. 

The  subject  of  the  geographical  distribution  and  migration  of  birds 
and  mammals  has  received  some  attention  during  the  year,  but  not  a 
tithe  of  the  consideration  that  its  importance  demands.  The  large 
and  steadily  increasing  influx  of  material  bearing  on  this  and  other 
subjects  pertaining  to  the  work  of  the  division  renders  it  impossible 
to  give  due  consideration  to  any  one  branch  of  investigation  without 
neglecting  others. 

Scores  of  thousands  of  small  birds  are  killed  each  year  by  striking 
the  light-houses  along  the  coasts  and  lakes  of  the  United  States  and 
Canada,  and  the  keepers  of  these  lights  are  requested  to  transmit  to 
this  division  full  accounts  of  the  phenomena  accompanying  such 
catastrophes,  together  with  specimens  (heads  and  wings)  of  the  birds 
killed.  The  material  thus  contributed  is  sufficient  in  itself  to  require 
the  services  of  an  assistant  during  the  entire  year,  and  when  to  this 
is  added  the  equally  valuable  reports  of  many  hundred  voluntary 
inland  observers  throughout  the  United  States  and  Canada,  it  will 
be  seen  that  little  can  be  accomplished  with  the  present  force  of  the 
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division,  now  almost  exclusively  occupied  in  the  more  purely  eco- 
nomic  phases  of  the  work. 

A  not  unimportant  incidental  feature  of  the  routine  work  of  the 
division  oonsists  in  the  identification  of  specimens  of  birds  and 
mammals  sent  to  the  Department  for  this  purpose.  The  number  of 
specimens  thus  sent  exceeded  a  thousand  during  the  past  year  and 
is  constantly  increasing.  It  is  hardly  necessary  to  add  that  great 
good  is  done  by  thus  diffusing  among  the  people  an  accurate  knowl- 
edge of  the  birds  and  mammals  with  which  they  are  surrounded. 

The  literature  of  economic  ornithology  and  mammalogy  is  both 
voluminous  and  scattered,  and  a  competent  person  might  profitably 
spend  his  entire  time  in  collecting  titles  and  references  which  would 
make  this  literature  available. 

Meanwhile  general  interest  in  the  practical  work  of  the  division 
increases,  and  a  very  large  item  of  office  work  is  that  which  relates 
to  the  regular  correspondence  of  the  day.  Upwards  of  two  thousand 
six  hundred  letters  have  been  written  during  the  year,  in  addition 
to  several  thousand  circular  letters  which  have  been  sent  out,  and 
this  is  but  one  of  several  items  which  unite  to  give  the  routine  office 
work  of  the  division  an  importance  disj^roportionate  to  its  working 
force. 

SEED   DIVISION. 

The  work  required  in  the  management  of  the  seed  division  is  be- 
coming more  diversified  and  exacting  than  in  former  years.  The 
questions  referred  to  the  division  for  answer,  either  in  full  or  in  brief, 
seem  to  keep  pace  with  the  ever-increasing  number  of  letters  em- 
bodying not  only  the  results  of  experience  with  seeds  received  by 
the  writers,  but  on  other  matters  that  seem  to  be  more  closely  allied 
to  the  work  of  the  seed  division  than  to  that  of  any  other. 

The  gradually  increasing  number  of  rei)orts  recei  veil  involves  much 
additional  labor  to  collate  experiences,  condense  and  classify  them, 
with  the  view  of  getting  as  much  practical  information  in  as  limited 
a  space  as  possible.  The  work  of  securing  reports  from  practical 
farmers,  and  their  hearty  co-operation,  is  becoming  each  season  an 
easier  task.  This  is  to  be  accounted  for  largely  on  the  ground  that 
the  intrinsic  value  of  the  seed  sent  out  has  been  measurably  increased 
since  the  practice  of  testing  their  germinating  qualities  has  become 
an  important  and  indispensable  i)art  of  the  regular  work  of  the 
division. 

The  reipiirements  of  the  organic  law  creating  the  Department  of 
Agriculture  are,  "  that  it  shall  acquire  and  diffuse  among  the  people 
of  the  United  States  useful  informaticm  on  subjects  connected  with 
agriculture,  and  procure,  propagate,  and  distribute  among  the  peo- 
ple new  and  valuable  seeds  and  plants,"  and  that  tlie  purchase  and 
distribution  of  seed  shall  be  confined  to  such  seeds  as  are  **  rare  and 
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Tmcommon  to  the  country,"  or  ^'  such  as  can  be  made  more  profit- 
able by  frequent  changes  from  one  part  of  our  country  to  another." 
Uudoixbtedly  the  primary  object  of  the  seed  distribution  is  to  give 
increased  value  to  production,  to  ascertain  the  best  geographical  dis- 
tribution of  varieties,  and  to  more  rapidly  introduce  these  into 
localities  to  which  they  are  best  adapted.  A  gratifying  degree  of 
progress  has  been  made  in  the  efforts  to  comply  with  the  spirit  of 
thia  law. 

The  method  of  testing  the  germinating  qualities  of  seeds  before 
payment  is  made  for  them  has  been  continued,  and  is  found  indis- 
pensable as  a  means  of  protecting  the  Department  from  sending  out 
worthless  and  inferior  seeds. 

Nothing  can  be  more  injurious  to  the  agricultural  interests  of  the 
nation  than  the  wide  dissemination  of  imperfect  seed,  and  that 
which  is  untrue  to  name,  either  by  professional  seedsmen  or  by  the 
Agricultural  Department. 

The  Department  seeds  are  now  mainly  distributed  through  the 
following  channels:  First,  to  constituents  of  members  of  Congress; 
second,  to  regular  statistical  correspondents;  third,  to  experiment 
stations  and  agricultural  societies;  fourth,  to  experiment  farmers; 
and,  fifth,  to  miscellaneous  applicants.  In  all  cases,  so  far  as  it  is 
possible,  such  seeds  are  selected  and  sent  out  as  are  known  to  be 
suited  to  the  respective  localities. 

It  has  been  made  a  rule  of  the  division  to  send  only  such  varieties 
of  seeds  as  are  asked  for  by  those  who  desire  them  for  experimental 
purposes,  and  are  willing  to  make  such  reports  as  will  enable  the 
division  to  determine  with  considerable  accuracy  their  value  in  the 
special  localities  where  they  may  have  been  distributed. 

At  no  time  in  the  recent  history  of  the  Department  have  there 
b^n  so  many  inquiries  for  seeds,  especially  forage  and  grass  seeds, 
as  have  been  ref en'ed  to  the  division  during  the  past  year.  These 
inquiries  have  arisen  from  a  pressing  need  for  such  varieties  as  will 
thrive  where  the  native  grasses  have  failed,  or  where,  from  lack  of 
moisture  during  the  summer  months,  it  is  difficult  or  impossible  to 
raise  the  ordinary  grasses  or  forage  plants.  The  effort  made  by  the 
division  to  secure  and  distribute  these  seeds  has  been  measurably 
successful,  judging  from  the  number  of  very  satisfactory  reports 
that  are  constantly  being  received.  The  producing  of  Florida-grown 
Teosinte  seed,  raised  from  seed  sent  out  by  the  Department  the  pre- 
vious year,  has  proved  to  bo  a  step  in  the  right  direction. 

The  methods  of  distribution  have  been  materially  modified  both  in 
the  increased  number  of  varieties  sent  to  constituents  of  members  of 
Congress  and  in  the  manner  of  sending  them,  not  only  materially 
lessening  the  amount  of  clerical  work  required  to  address  the  seed 
packages,  but  by  using  sealed  instead  of  tied  packages,  greater  ex- 
emption from  loss  is  secured  while  the  seeds  are  in  transit  to  their 
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point  of  destination.  The  system  of  lettering  alphabetically  the  dif- 
ferent varieties  of  grain,  grasses,  tobacco,  cotton,  and  forage  plants, 
adopted  in  August,  1885,  whereby  the  varieties  best  adapted  to  special 
localities  are  designated  for  the  guidance  of  the  mailing  clerk,  has 
proved  to  be  of  great  value  in  complying  with  the  existing  law  rela- 
tive to  the  proper  distribution  of  seeds. 

The  system  of  apportioning  the  seeds  has  been  perfected  during 
the  year  by  which  members  of  Congress  in  Florida,  southern  Cali- 
fornia, or  other  sections  lying  in  the  same  isothermal  belt,  receive 
only  such  seeds  as  are  adapted  to  the  climate,  while  members  in  the 
northern  belt,  instead  of  getting  the  same  seed,  receive  its  equiva- 
lent in  varieties  only  adapted  to  a  northern  climate. 

If  the  operations  of  the  division  are  to  be  continued,  then  its  most 
manifest  and  urgent  need,  in  order  that  its  influence  for  the  promo- 
tion of  advanced  agriculture  may  be  enhanced  and  its  fullest  value 
realized,  is  that  of  suitable  experiment  grounds,  where  imported  or 
contributed  seeds,  or  presumably  new  varieties,  can  be  tested,  and 
their  identity  or  their  proper  nomenclature  established,  so  that  it 
may  be  definitely  ascertained  whether  they  are  worthy  of  further 
propagation  and  distribution. 

Notwithstanding  all  the  improvements  that  have  been  introduced, 
however,  the  Commissioner  is  of  the  opinion  that  the  experiment 
stations  of  the  various  States  could  carry  on  the  work  of  testing 
and  distributing  seeds  with  more  advantage  to  the  agriculturists  of 
the  country  than  can  possibly  be  effected  by  the  seed  division  of  this 
Department.  The  director  of  each  station  knows,  or  should  know, 
the  wants  of  each  State  and  Territory.  He  is  familiar  with  its 
climate  and  soil  and  knows  what  products  it  is  adapted  to  raise.  He 
is  better  qualified  to  judge  of  the  class  of  seeds  needed  in  his  sec- 
tion than  any  one  can  be  who  is  stationed  at  the  capital  of  the 
nation.  Hence  I  renew  my  recommendation  of  last  year  to  so 
change  the  law  as  to  transfer  the  distribution  of  seeds  to  the  experi- 
ment stations  of  the  various  States  and  Territories. 

FORESTRY  DIVISION. 

It  is  quite  certain  that  there  is  hardly  any  division  in  the  Depart- 
ment the  work  of  which  is  more  capable  of  expansion  than  the  one 
charged  with  the  forestry  interests  of  the  country. 

For  some  ten  years  now  it  has  become  a  matter  of  routine  report 
to  call  attention  to  the  needs  of  this  part  of  our  respurces;  to  the  im- 
portance of  our  forest  areas  in  their  natural  and  climatic  aspect;  to 
the  necessity  of  forest  management  and  forest  planting.  It  seems 
that  we  are  slow  to  respond  to  the  warnings  and  admonitions  and 
the  signs  of  danger,  because  the  danger  is  not  immediate,  and  there- 
fore is  difficult  to  realize.    Yet  our  neglect  in  paying  proper  atten- 
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tion  to  this  subject  now  will  certainly  be  felt  by  our  nation  in  later 
years,  as  a  similar  neglect  lias  been  felt  by  other  nations. 

Having  arrived  at  a  stage  where  the  natural  wood  crop  in  certain 
directions  shows  signs  of  exhaustion,  the  mere  question  of  material 
supply  becomes  of  national  importance.     The  basis  for  an  industry, 
such  as  that  of  lumber  production  and  of  wood- working  establish- 
ments, which  consumes  an  annual  raw  product  the  value  of  which 
may  safely  be  placed  at  over  one  billion  dollars,  is  certainly  worthy 
of  vigorous  efforts  to  maintain  in  continuity.     Still  more  is  the  in- 
terest of  the  community  bound  up  in  the  forestry  problem,  where 
the  forest  by  its  position  assumes  similar  functions,  and  ought  to 
receive  the  same  consideration  from  the  community  as  those  species 
of  property  which,  like  air,  water,  roads,  etc.,  are  administered  with 
a  view  to  common  welfare.     For  whatever  the  theories,  opinions, 
and  beliefs  of  scientific  authorities  niay  be  as  to  the  futility  of  for- 
est climatic  influences,  our  farmers  have  felt  them,  as  well  as  those 
in  other  parts  of  the  globe.     We  may  consider  the  influence  of  for- 
est areas  upon  the  distribution  of  waterflow  and  upon  climatic  con- 
ditions as  well  established  beyond  dispute  as  is  their  material  value. 
While  we  have  gained  a  general  idea  of  these  facts,  we  are  lacking 
sufficient  data  to  estimate  the  position  which  the  remaining  natural 
forest  crops  and  forest  areas  in  our  country  maintain  with  regard  to 
our  requirements.     Investigations  in  this  direction  would  properly 
have  formed  the  work  of  the  division  in  its  earlier  stages,  in  order 
to  create  a  basis  for  further  action  on  the  part  of  the  Government. 
Yet  the  multifarious  directions  into  which  the  activity  of  the  divis- 
ion was  called,  and  insufficiiBnt  funds  have  hitherto  prevented  such 
systematic  work. 

With  the  recognition  of  the  restrictions  which  are  imposed  upon 
it  by  the  limited  appropriation  at  my  command  for  this  line  of  re- 
search, the  work  of  the  division  is  gradually  assuming  definite  shape 
in  such  scientific  investigations  as  may  eventually  serve  for  a  rational 
basis  of  practical  forest  management;  abandoning,  for  the  present, 
work  in  many  directions  that  it  would  be  desirable  and  profitable 
to  prosecute,  if  expansion  and  limitation  were  dictated  by  proper 
economy. 

The  demand  for  different  and  more  extended  work  on  the  part  of 
the  division  will  be  in  vain  until  the  means  for  such  work  are 
granted.  Practical  work  might  be  considered  the  protection  and 
proper  administration  of  our  Government  timber  lands,  the  value 
and  superlative  importance  of  which  still  remain  to  be  considered 
by  Congress.  The  planting  to  forest  of  military  reservations  in 
the  Western  plains  would  not  only  be  a  proper  and  practical  dispo- 
sition of  this  national  property,  and  would  render  it  more  valuable, 
Wt  at  the  same  time  woxdd  serve  as  a  school  to  the  settlers  in  those 
i^ons  as  experimental  grounds  in  forestry,  and,  besides,  open 
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another  useful  and  practical  field  of  activity  for  the  division  by 
furnishing  plant  material  for  distribution. 

Distribution  of  plant  material,  which  other  nations  practice  with 
the  most  desirable  results,  and  which,  under  a  well  elaborated  plan 
devised  by  the  division  laetyear,  promised  to  be  a  valuable  part  of  the 
work  of  the  division,  had  to  be  abandoned  this  year  entirely  l)ecau8e 
the  sending  of  small  packages  of  seed,  to  which  a  small  part  of  the 
appropriation  might  have  been  devoted,  could  hardly  be  considered 
of  practical  value  as  an  encouragement  to  forestry. 

Our  need  in  forestry  is  not,  as  it  is  in  agriculture,  to  introduce 
new  kinds  so  much  as  it  is  to  furnish  in  sufficient  quantity  and 
quality  material  of  well  proved  species  to  our  pioneers  in  the  treeless 
sections  of  the  country. 

Exjxerimentation  in  forestry,  such  as  might  be  carried  on  in  con- 
nection with  the  planting  of  large  areas  as  proposed,  and  which 
could  be  made  of  great  service  to  the  forest  planters  of  the  West,  is 
also  precluded  by  the  deficiency  of  working  funds. 

While  the  need  and  value  of  reliable  knowledge  in  regard  to 
forest  supplies,  forest  consumption,  and  forest  renewal  is  not  to  be 
ixnderestimated,  statistical  inquiries  have  for  the  most  part  been 
abandoned  by  the  division,  because  the  partial  returns  which  alone 
can  result  from  the  methods  of  collecting  statistics  at  the  disposition 
of  the  division  can  not  bring  us  any  nearer  to  positive  knowledge 
beyond  the  general  fact  that  our  forest  supplies  are  being  decimated 
by  fire  and  ax  at  a  rate  exceeding  that  of  natural  reproduction, 
which  we  have  known  for  some  time. 

A  valuable  report  on  the  Forest  Conditions  of  the  Rooky  Mount- 
ain Region  has  been  issued  during  the  year  as  Bulletin  No.  2,  It 
gains  special  importance  from  the  fact  that  most  of  the  timber  land 
belonging  to  the  National  Govei'nment  is  located  in  that  region,  and 
that  the  need  and  methods  of  reform  in  its  disposal  and  manage- 
ment are  presented  in  the  report  with  rational  argument  and  in  an 
unequivocal  manner. 

The  annual  repoiii  of  the  forestry  division  was  issued  as  a  sepa- 
rate publication  on  account  of  its  special  intei-est,  It  has  received 
the  highest  cominondation  in  this  country  and  abroad,  and  contains 
much  infornxation  in  regard  to  the  art  of  forestry  which  must  be 
welcome  to  the  forest  planter.  It  also  bears  testimony  to  the  propo- 
sition that  devotion  to  the  scientific  investigations  upon  which  the 
practice  is  to  be  built  may  be  considered  the  proper  limitation  of  the 
sphere  of  a  forestry  division  without  forests  and  without  adequate 
funds. 

The  investigations  which  have  principally  occupied  the  division  this 
year  lie  in  two  directions — biological  studies,  which  will  allow  us  to 
judge  of  the  difi^erent  methods  by  which  the  crop  of  various  timbers 
should  be  grown,  and  technological  investigations,  which  will  ^3- 
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le  nature  of  the  crop  and  the  conditions  which  in- 

estigationa,  which  have  already  yielded  intei-esting 
ps  among  the  more  fruitful ;  and  it  is  strange  that 
n  to  foreetry  and  their  pertinency  flhonld  have  been 

upon  which  the  use  of  wood  in  the  arts  is  based 
own  to  the  forest-grower  if  he  wishes  to  produce  a 
ility  useful  for  definite  purposes.  But,  as  a  matter 
■ance  in  this  direction  is  most  astonishing  and  has 
jstering  a  wasteful  use  of  our  natural  forest,  while 
ice  mislead*  even  the  forest-planter  of  to-day  in 
ler  he  plants  and  the  locality  to  which  he  adapts  it, 
siderable  missionary  work  has  fallen  to  the  divis- 
r  the  representation  of  the  facts- concerning  forestry 
;3  eae  constantly  increasing*,  and  I  have,  as  far  as 
led  the  chief  of  the  division  to  attend  such  meet- 
nal  contact  and  impression  widen  among  our  peo- 
m  of  the  meaning  of  this  economical  science,  a 
ppreciation  of  which  are  growing  more  and  more 
(ar  to  year. 

DIVISION    OF   MICROSCOPY. 

is  division  for  the  current  year  has  been  largely  in 
topical  investigation  of  adulterations  of  f  ood-stufEs, 
condiments  of  commerce,  which  will  be  illustrated 
g  report  of  the  division  by  means  of  microphoto- 
fd  drawings,  showing  the  cellular  structure  of  the 
,  and  their  pulverizations,  and,  for  piirposes  of  com- 
f  photogi'aphs  and  drawings  showing  the  structural 
;ipal  adulterants  used. 

.ave  been  made  from  time  to  time,  as  oeeaaion  de- 
food-atuffe,  particularly  of  butter  and  of  latd,  as 
3t  of  Congress. 

relating  to  mushi-ooms  has  increased,  and  numer- 
'6  been  sent  to  the  division  for  identification  as  to 

jriments  with  oils  and  fats  has  had  an  especially 
ill  what  the  microscopist  describes  as  the  iti<-i(lental 
Suorescenoe,  under  a  given  treatment,  of  certain 
a  beginning  of  a  clasaificatirm  of  them,  under  the 
t  and  non-fitioreKceiit.  intnidncing  a  new  and  im- 
the  detection  of  their  a<ln]terations. 
Ktile  fibers  and  textile  fabrics  continiies ;  such  re- 
already  reached  will  he  set  forth  with  illustrations. 
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A  large  increase  lias  been  made  in  the  collection  of  fibers,  both  of 
domestic  and  foreign  growth. 

Following  the  instructions  to  that  effect,  an  exhibit  was  prepared 
by  this  division  and  forwarded  to  the  Exposition  at  Cincinnati, 
Ohio.  This  exhibit  consisted  of  about  three  hundred  plates  relating 
to  microscopy  and  the  work  of  the  division. 

DIVISION  OF  POMOLOGY. 

The  results  of  another  year's  work  of  this  division  add  new  en- 
couragement to  the  hopes  entertained  when  I  established  this  divis- 
ion a  little  over  two  years  ago,  and  to  which  I  have  heretofore  given 
expression.  The  fruit-growers  of  the  entire  country  have  entered 
into  hearty  co-operation  with  it,  and  by  correspondence  and  in  per- 
son have  expressed  their  satisfaction  with  its  working  plans. 

TROPICAL  AND  SEMI-TROPICAL  FRUITS. 

The  cultivation  of  tropical  and  semi-tropical  fruits  in  the  United 
States  is  yet  in  its  infancy  in  this  country,  and  the  importance  of 
making  a  thorough  investigation  of  the  facts  regarding  their  culture 
so  far  as  experiments  have  been  made,  and  placing  such  information 
in  the  hands  of  those  interested  in  this  subject,  has  caused  me  to 
have  a  special  report  prepared  during  the  year,  and  issued  as  Bulle- 
tin No.  1,  which  has  been  widely  distributed.  It  is  hoped  that  the 
culture  of  these,  and  many  kinds  of  fruits  now  unknown  or  but 
poorly  understood  by  the  majority  of  our  people  who  live  where 
they  may  be  grown,  may  be  thereby  materially  advanced.  Notably 
among  these  is  the  lemon,  which  succeeds  admirably  in  the  warmer 
portions  of  California  and  Florida.  During  the  fiscal  year  ending 
June  30,  1887,  $3,835,147  were  paid  to  foreign  countries  for  this  fruit 
alone,  and  this  in  the  face  of  the  fact  that  we  have  sufficient  territory 
suitable  to  produce  all  that  our  markets  demand. 

Seedling  varieties  of  superior  excellence  or  American  origin  and 
the  best  of  those  grown  in  Europe  are  being  placed  in  the  hands  of 
intelligent  experimenters  for  the  purpose  of  encouraging  the  indus- 
try. The  same  is  in  some  sense  true  regarding  the  pine-apple,  the 
guava,  the  banana,  and  many  other  tropical  fruits,  all  of  wliich  are 
receiving  the  most  careful  attention  by  this  division. 

HARDT  FRUITS  IN  THE  NORTHWEST. 

That  portion  of  the  country  lying  west  of  the  Great  Lakes  east  of 
the  Rocky  Mountains  and  north  of  the  forty-second  parallel  are  in 
especial  need  of  varieties  of  fruits  which  will  withstand  the  pecul- 
iarly severe  winter  climate  which  renders  many  of  the  older  varie- 
ties worthless  there.  The  same  is  true  of  the  extreme  northern  por- 
tion of  the  New  England  States.  ^ 
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In  the  year  1860  this  Department  began  the  importation  of  varie- 
ties from  Russia  to  meet  this  requirement.  As  many  of  these  varie- 
ties have  been  bearing  for  several  years,  a  special  agent  was  ap- 
pointed to  visit  the  Northern  States,  and  carefully  examine  into  the 
merits  of  such  fruits  as  he  could  find,  and  prepare  a  report.  This 
report  is  embodied  in  Bulletin  No.  2  of  this  division. 

Investigations  and  experiments  are  to  be  continued  by  the  division, 
and  all  i)ossible  assistance  rendered  to  the  fruit-growers  of  these 
regions. 

CUB  Wnj)  ^KUITS. 

There  is  perhaps  no  country  outside  the  tropics  having  so  great  a 
wealth  of  natural  fruits  as  our  own.  To  properly  investigate  them  in 
their  natural  habitats,  and  induce  experimentation  and  development 
with  them  in  the  garden,,  orchard,  and  vineyard,  is  within  the  prov- 
ince of  the  pomological  division.  Something  has  already  been  done 
in  this  direction,  and  plans  have  been  made  and  are  being  executed, 
which  it  is  expected  will  result  in  increased  scientific  knowledge  of 
these  fruits  and  in  their  improvement  under  cultivation. 

Work  is  now  well  advanced  on  a  monograph  of  the  wild  grapes, 
and  within  the  coming  year  a  monograph  of  this  genus  will  be  ready 
for  publication,  which  will  be  of  unusual  interest  to  scientists  and 
practical  vineyardists.  It  will  be  accompanied  with  complete  typ- 
ical illustrations  in  colors,  showing  every  species  of  grape  native  in 
the  United  States. 

FBUITS  EXAMINED  AND  NAMED. 

During  the  last  year  there  have  been  received  by  the  pomologist 
492  packages  of  fruits,  containing  in  the  aggregate  fully  10,000  speci- 
mens. Every  State  and  Territory  except  Wyoming  and  Nevada  has 
been  represented  thereby,  and  many  have  been  received  from  for- 
eign countries.  All  have  been  studied  and  compared  and  accurate 
records  kept.  A  large  number  were  sent  to  be  named,  which  the 
division  has  been  able  to  do  in  nearly  every  case. 

CLERICAL  ASSISTANCE. 

'  The  increasing  necessity  for  an  assistant  and  additional  clerical 
force  in  this  division  is  very  urgent,  and  it  is  hoped  that  Congress 
may  provide  for  the  same. 

NEW  LABORATORY. 

I  renew  the  recommendations  made  in  my  reports  of  last  year  and 
of  the  year  before,  that  provision  be  made  for  the  erection  on  the 
grounds  of  this  Department  of  a  suitable  building  for  laboratory  pur- 
poses. The  underlying  reasons  are  of  the  most  commanding  and 
urgent  character. 

The  present  building,  originally  designed  for  the  offices  of  the 
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purely  administrative  and  clerical  branches  of  the  Department  of 
Agriculture,  has,  with  the  lapse  of  time,  and  in  consequence  of 
added  functions  imposed  by  ConiiP'ess,  been  pa^ially  surrendered 
for  uses  to  which  it  is  in  no  respect  adapted.  The  discomfort  arising 
from  the  proximity  of  a  chemical  laboratory  in  the  basement  and  an 
animal  dissecting  room  in  the  garret  is  least  among  the  arguments 
wliich  present  themselves  in  behalf  of  a  new  and  proper  building. 
The  noxious  odors  incident  to  the  chemical  analyses,  or  of  post- 
mo  rteiji  diagnoses  of  animal  diseases,  imperil  human  health  and 
perhaps  human  life.  The  conveniences  and  even  the  simple  requi- 
sites of  light,  ventilation,  and  equable  temperature,  so  essential  to 
some  of  the  delicate  operations  of  scientists  and  experts,  are  con- 
spicuously lacking  in  the  present  quartei's  of  the  bureaus  of  chem- 
istry and  animal  industry.  Some  fields  of  investigation  which 
promise  important  economic  results  can  hardly  be  entered  upon 
under  the  present  circumstances,  while  not  infrequently  the  work  of 
weeks  of  careful  study  is  lost  by  reason  of  changes  of  temperature 
against  which  it  is  impossible  to  guard.  Indeed,  until  greater  secur- 
ity is  afforded  we  are  deterred  from  making  any  experiments  with 
such  diseases  as  anthrax,  glanders,  antinomycosis,  and  others  trans- 
missible to  man.  Basement  rooms  are  needed  with  cement  or 
asphalt  floors  for  keeping  small  animals  for  experimental  purposes; 
rooms  are  needed  for  the  burning  of  dangerous  material  from  dis- 
eased animals,  for  the  testing  of  disinfectants,  for  the  storing  of 
pathological  material  designed  to  illustrate  phases  of  disease,  and  to 
instruct  those  who  come  to  the  Department  for  information. 

No  less  important  is  it  that  the  Division  of  Entomology  be  accom- 
modated with  more  desirable  work-rooms.  The  functions  of  this 
branch  of  the  Deparament,  though  less  obnoxious  and  repulsive  than 
some  of  those  mentioned  in  connection  with  the  others*  are  essen- 
tially related  to  the  laboratory.  The  correspondence  and  the  clerical 
and  literary  work  of  this  division  are  carried  on  in  two  rooms  of  the 
second  floor  of  this  building,  and  in  space  temporarily  partitioned 
off  from  the  main  library.  Experiments  in  silk-culture  are  conducted 
in  inconvenient  quarters  in  the  wooden  annex;  while  much  of  the 
valuable  material,  to  which  reference  is  constantly  necessary,  is 
stored  in  the  vastly  overcrowded  rooms  of  the  National  Museum. 
There  is  no  room  in  which  to  rear  and  study  live  insects,  an  impor- 
tant branch  of  modern  entomology,  and  none  worthy  the  name  in 
which  to  experiment  with  remedies  and  insecticides. 

One  of  the  most  pressing  needs  of  the  division  is  an  exhibition-room, 
in  which  to  set  forth  the  facts  in  regard  to  injurious  insects,  to  dis- 
play appliances  and  insecticides  needed  in  subduing  them,  and  to 
store  for  ready  comparison  and  study  the  accumulation  of  specimens 
and  works  of  reference  which  are  at  the  command  of  the  entomolo- 
gist and  his  assistants,  but  now  only  partially  available. 
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The  Bureau  of  Animal  Industry  and  the  divisions  of  Ohemistry  and 
Entomology,  in  the  creation  and  for  the  support  of  whioh  Congress 
has  in  other  respects  provided  liberally^  have  won  for  themselves  a 
high  standing  in  the  scientific  world,  and  it  would  be  a  measure  of 
economy  now  to  provide  them  with  the  quarters  which  are  absolutely 
essential  to  their  further  development  and  increased  usefulness. 

I  earnestly  beg  the  attention  of  Congress  to  this  state  of  affairs. 

PUBLIC  HIGHWAYS. 

A  wise  and  well-regulated  system  of  public  roads  and  highways 
throughout  the  United  States  is  daily  becoming  a  greater  necessity 
for  the  material*  development  of  the  resources  of  this  country,  and 
merits  the  earnest  attention  of  Congress.  The  common  roads  of  the 
country  are  the  veins  and  arteries  through  which  flow  the  agricult- 
ural productions  and  the  commercial  supplies,  which  are  the  life- 
blood  of  the  nation,  to  those  great  ducts  of  travel  and  transportation — 
the  railroads  of  the  country. 

While  our  railway  system  has  become  the  most  perfect  in  the 
world,  the  common  roads  of  the  United  States  have  been  neglected 
and  are  inferior  to  those  of  any  other  civilized  country  in  the  world. 
They  are  deficient  in  every  necessary  qualification  that  is  an  attribute 
to  a  good  road  ;  in  direction,  in  slope,  in  shape  and  service,  and,  most 
of  all,  in  want  of  repair.  These  deficiencies  have  resulted  not  only 
from  an  ignorance  of  the  true  principles  of  road-making,  but  also 
from  the  varied  systems  of  road-building  in  force  in  the  several  States 
of  the  Union,  due  to  defective  legislation.  The  principle  upon  which 
the  several  States  have  based  much  of  their  road  legislation  is  known 
as  the  *' road-tax"  system  of  personal  service  and  commutation, 
which  is  unsound  as  a  principle,  unjust  in  its  operations,  wasteful  in 
its  practice,  and  unsatisfactory  in  its  results.  It  is  a  relic  of  feudal- 
ism borrowed  from  the  *^ statute  labor"  of  England,  and  its  evil  re- 
salts  are  to-day  apparent  in  the  neglected  and  ill-conditioned  com- 
mon roads  of  the  country. 

It  is  a  question  of  vast  importance  to  the  welfare  of  this  nation 
that  these  arteries  of  agricultural  and  commercial  life  should  receive 
the  attention  that  their  importance  deserves,  and  that  an  effort 
should  bo  made  to  remedy  the  defects  now  existing  and  establish  a 
system  that  could  be  made  uniform  and  efficient  in  all  the  States  of 
the  Union. 

Bv  the  improvement  of  these  common  roads  every  branch  of  our 
agricultural,  commercial,  and  manufacturing  industries  would  be 
materially  benefited.  Every  article  brought  to  market  would  be 
diminished  in  price;  the  number  of  horses  necessary  as  a  motive 
power  would  be  reduced,  and  by  these  and  other  retrenchments  mill- 
ions of  dollars  would  be  annually  saved  to  the  public.     The  expense 
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of  repairing  roads  and  tlie  wear  and  tear  of  vehicles  and  horses  would 
be  essentially  diminished,  and  the  thousands  of  acres  of  land  the 
products  of  which  are  now  w|i»sted  in  feeding  unnecessary  animals  in 
order  to  carry  on  this  character  of  transportation  would  be  devoted 
to  the  production  of  food  for  the  inhabitants  of  the  country.  In  fact, 
the  public  and  private  advantages  which  would  result  from  effecting 
this  great  object  in  the  improvement  of  our  highways  are  incalcula- 
ble, not  only  to  the  agricultural  community  as  a  class,  but  to  the 
whole  population  as  a  nation.  The  Government  itself  would  be  bene- 
fited in  a  reduction  of  the  charge  incumbent  upon  the  transportation 
of  its  mails  where  these  roads  are  used  as  post-roads. 

An  investigation  pertinent  to  this  subject  has  been  inaugurated 
by  the  dean  of  the  engineering  department  of  the  Vanderbilt  Uni- 
versity at  Nashville,  Tenn.  He  has  collected  a  large  amount  of  data 
bearing  upon  the  various  systems  of  highway  administration,  col- 
lection of  statistics,  showing  the  amounts  expended  for  new  roads  in 
each  locality,  maintenance  and  repairs  of  existing  roads,  length  of 
roads,  and  the  amount  of  travel  on  them.  This  amount  of  material 
already  collected  has  been  tendered  to  this  Department,  if  the  work 
would  be  continued  by  it  and  prosecuted  to  an  end.  Having  no  fund 
available  for  such  an  investigation,  I  have  been  unable  to  accept 
this  information  upon  the  terms  proposed.  I  would  recommend  to 
Congress  that  it  would  be  advisable  to  provide  for  this  investigation 
to  be  made  so  that  the  outlines  of  a  system  could  be  prepared  which 
would  be  feasible  under  our  present  forms  and  policies  of  both  gen- 
eral and  State  government  and  taxation,  to  establish  a  uniform  con- 
dition of  public  highways. 

PARIS   EXPOSITION. 

Congress  having  accepted  on  the  part  of  this  Government  the  in- 
vitation of  the  French  Republic  to  take  part  in  an  International 
Exposition  to  be  held  in  Paris  in  1889,  authorized  the  Commissioner 
of  Agriculture  by  joint  resolution  approved  May  10, 1888,  to  collect 
and  prepare  suitable  specimens  of  the  agricultural  productions  of 
the  several  States  and  Territories  of  the  Union  for  exhibition  at  said 
exposition. 

A  special  division  has  been  organized  in  this  Department  for  this 
purpose  and  a  number  of  special  agents  have  been  appointed  to  col- 
lect suitable  specimens  for  exhibition.  The  work  incident  to  the 
preparation  of  this  exhibit  is  progressing  as  rapidly  as  possible  and 
every  effort  will  be  made  to  prepare  a  creditable  representation  of 
our  agricultural  productions  and  which  enter  so  largely  into  our  ex- 
ports; but  the  fact  that  the  appropriations  for  the  purpose  were  made 
so  late  is  not  only  to  be  deplored  but  will  materially  affect  the  exhi- 
bition itself. 
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CORRESPONDENCE. 

With  each  successive  year  the  correspondence  of  the  Department 
is  largely  increased,  and  the  variety  of  subjects  on  which  information 
is  asked  more  and  more  diversified,  embracing  a  range  far  beyond 
any  thing  contemplated  by  its  organic  act.  Such  letters  as  are  de- 
manded in  arranging  the  details  for  the  various  expositions  at  home 
and  abroad  placed  under  my  charge  by  Congress,  the  manifold  in- 
quiries relative  to  the  establishment  of  experiment  stations  in  the 
different  States,  the  accruing  and  daily  augmenting  necessities  re- 
quired in  placing  the  new  divisions  of  Pomology,  Oniithology,  and 
Vegetable  Pathology,  etc.,  in  a  condition  of  usefulness,  the  informa- 
tion required  by  proposed  emigrants  not  only  as  to  Territories  but 
also  as  to  newly  admitted  States,  the  voluminous  details  of  the  recent 
experiments  in  the  manufacture  of  sugar  from  sorghum,  and  similar 
leading  matters,  combined  with  the  ordinary  inquiries  as  to  new  devel- 
opments in  agricultural  machinery,  seeds,  cereals,  etc.,  have  involved 
an  amount  of  correspondence,  which  can  hardly  be  inferred  from 
this  brief  allusion.  But  the  results  attained  have  amply  compensated 
for  the  increased  labor,  as  evinced  by  the  universal  approbation 
shown  in  the  replies  of  inquirers,  as  well  as  by  the  fact  of  the  wide 
distribution  of  new  and  important  facts  which  are  constantly  coming 
to  my  notice  tending  to  the  promotion  of  the  agricultural  interests 
of  the  country. 

NEW   DIRECTORY. 

One  of  the  most  useful  and  widely  called  for  reports  ever  pub- 
lished by  the  Department  was  a  document  issued  some  years  ago 
setting  forth  the  name  and  post-office  address  of  the  principal  offi- 
cers of  each  national,  State,  county,  and  local  agricultural  organiza- 
tion or  society  in  the  United  States. 

As  the  document  is  now  an  old  one  its  value  has  become  impaired 
to  a  considerable  extent,  and  consequently  during  the  year  I  have  as- 
signed clerks  to  the  duty  of  collecting  as  rapidly  as  possible  the 
necessary  data  and  information  to  enable  us  to  correct  and  edit  this 
volume  and  publish  a  new  directory  of  the  organizations  referred  to, 
with  a  list  of  their  respective  officers,  brought  down  to  the  year 
1889. 

DOCUMENT  ROOM. 

The  following  is  a  statement  showing  the  number  and  kinds  of 
documents  received  at  and  distributed  from  the  folding-room  of  the 
Department.  The  Annual  Report  of  the  Department  for  1887  has 
been  printed  during  the  current  year  by  order  of  Congress,  400,000 
copies  in  number,  of  which  370,000  are  held  for  distribution  by  Sena- 
AG  88 4 
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tors  and  members  of  the  House  of  Representatives,  and  30^000  copies 
assigned  to  this  Department.     Other  rej)orts  have  been  as  follows: 

DIVISION  OF  STATISTICS — NEW  SERIES. 

No.  of  copies. 

No.  48.  Report  upon  the  numbers  and  value  of  farm  animals  and  on  freight 

rates  of  transportation  companies,  January  and  February,  1888. .  18, 000 

No.  49.  Report  on  distribution  and  consumption  of  com  and  wheat  and  on 

freight  rates  of  transportation  companies,  I^Iarch,  1888 18, 000 

No.  50.  Report  of  the  condition  of  winter  grain  and  tlie  condition  of  farm 
animals  and  on  the  freight  rates  of  transportation  companies, 
April,  1888 18, 000 

No.  51.  Report  of  the  condition  of  winter  grain,  the  progress  of  cotton 

planting,  and  wages  of  farm  labor,  May,  1888 18, 000 

No.  53.  Report  of  acreage  of  wheat  and  cotton  and  condition  of  cereal 
crops,  with  freight  rates  of  transportation  companies,  June, 
1888 ". 18,000 

No.  53.  Report  of  the  area  of  corn,  potatoes,  and  tobacco,  and  condition  of 
growing  crops,  and  on  freight  rates  of  transportation  compa- 
nies, July,  1888 18, 000 

No.  54.  Report  on  the  condition  of  growing  crops,  and  on  freight  rates  of 

trans^vortation  companies,  August,  1888 18, 000 

No.  55.  R(»ix)rt  on   condition  of    crops  in  America  and  Europe,  and  on 

fr€'ight  rates  of  transportation  companies,  September,  1888. . .     19,000 
No.  56.  Report  on  condition  of   crops,  yield  of  grain  per  acre,  and  on 

freight  rates  of  transportation  companies,  October,  1888 18, 000 

No.  57.  Report  on  yield  of  crops  per  acre,  and  on  freight  rates  of  ti'anspor- 

tation  companies,"  November,  1888 18, 000 

No.  58.  R(^port  on  the  crops  of  the  year  and  on  freight  rates  of  transpor- 
tation comjmnies,  December,  1888 18, 000 

BOTANICAL  DIVISION. 

Bulletin  No.  5.  Report  on  the  experiments  made  in  1887  in  the  treatment 

of  the  downy  mildew  and  black-rot  of  the  grape-vine 5,000 

Bulletin  No.  6.  Report  on  the  grasses  of  the  arid  districts 10, 000 

Report  of  Botanist 500 

Circular  No.  5.  Fungicides  or  remedies  for  plant  disease 5, 000 

Bulletin  No.  7.  Report  on  black-rot  of  grapes iO  000 

CHEMICAL  DIVISION. 

Bulletin  No.  17.  Experiments  in  the  manufacture  of  sugar  at  Fort  Scott, 

Kans. ,  Rio  Grande,  N.  J. ,  etc 10, 000 

Bulletin  No.  18.  Sugar-producing  plants 10, 000 

Bulletin  No.  19.  Methods  of  analysis  of  commercial  fertilizers,  etc 3, 000 

ENTOMOLOGICAL  DIVISION. 

BuUetin  No.  17.  The  Chinch  Bug,  April  19 5.000 

Reprint  of  Bulletin  No.  9.  The  Mulberry  Silk- Worm,  April  30 3, 000 

Catalogue  of  Exhibit  at  New  Orleans,  May  21 1, 000 

Reprint  of  Bulletin  No.  10.  Our  shade  trees  and  their  defoliators,  July  13. .  3,(X)0 

Author's  edition  to  annual  report,  July  27 1, 600 

Reprint  of  Bulletin  No.  9.  Tlie  Mullwrry  Silk- Worm,  October  29 5, 000 

Bulletin  No.  19.  An  enumeration  of  the  published  synopsis,  catalogue  of 

North  American  insects,  October  2 ' 5, 000 
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Insect  Life  :  No.  of  copies. 

Volume  I,  No.  1 ,  July  28 5, 000 

Volume  I,  No.  2,  August  24 5, 000 

Volume  I,  No.  3,  October  2 5, 000 

Volume  I,  No.  4,  October  25 5, 000 

Volume  I,  No.  5,  November  22 5, 000 

Volume  I,  No.  6 , 5,000 

FORESTRY  DIVISION. 

Bulletin  No.  2.     Report  on  the  forest  condition  of  the  Rocky  Mountains, 

September  29 5, 000 

Annual  report  of  the  division  of  forestry,  August  30 5, 000 

Circular— increasing  the  durability  of  timber 5, 000 

Circular  to  Seedmen,  on  new  forage  plants 1, 000 

BUREAU  OF  ANIMAL  INDUSTRY. 

Circulars  for  Bureau  of  Animal  Industry 25, 000 

ORNITHOLOGIST  DIVISION. 

Author's  edition,  September  17 1, 500 

POMOLOGICAL  DIVISION. 

Report  of  Pomologist,  September  17 500 

Letters  of  Commissioner  of  Agriculture  in  response  to  Senate  resolution  of 

December  7,  1887 1, 000 

MISCELLANEOUS  WORK  OF  THE  FOLDING  DIVISION. 

Jackets  folded 50, 000 

Envelopes  made,  10  by  14 1, 000 

Franks  written 150, 000 

Number  of  letters  written 300 

4,885  packages  of  envelopes  and  2,700  quires  of  paper  mailed  to  corre- 
spondents         7, 585 

In  conclusion,  I  desire  to  publicly  express  my  thanks  to  the  officers, 
employes,  and  ten  thousand  correspondents  of  the  Department,  for 
their  hearty  co-operation  in  the  work  of  the  Department,  for  their 
conscientious  devotion  to  duty,  for  their  loyalty  to  the  interests  of 
the  present  administration  of  the  Department,  and  in  general  for 
the  assistance  which  they  have  at  all  times  rendered ;  and,  finally, 
I  commend  to  the  consideration  of  Congress  the  needs,  both  present 
and  future,  of  a  Department  which,  if  properly  recognized,  will  be- 
come an  institution  in  the  public  service  whose  importance  and 
value  can  not  be  overestimated. 

Very  respectfully,  your  obedient  servant, 

Norman  J.  Colman, 
Commissioner  of  Agriculture, 
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INTRODUCTION. 

Sir  :  I  have  the  honor  to  present  herewith  my  annual  report  for 
tlie  year  1888.  In  this  report  I  have  carried  out  the  policy  outlined 
in  the  Introduction  to  my  report  for  the  year  1887,  of  limiting  it  to 
articles  of  general  interest  to  the  whole  country  and  of  publishing  in 
special  bulletins  articles  relating  to  more  restricted  or  local  indus- 
tries. 

In  pursuance  of  this  policy  the  leading  article  in  this  report  treats 
of  the  Plum  Curculio,  an  insect  upon  which  nothing  complete  has 
been  published  by  the  Department,  from  the  fact  that  I  had,  previous 
to  my  connection  therewith,  published  several  extended  articles  upon 
it.  During  the  past  two  years  there  has  been  much  demand  for  a  gen- 
eral article  upon  this  destructive  fruit  pest.  Much  interest  has  also 
been  excited  oy  the  publication  of  certain  articles  on  the  cause  of  im- 
munity of  wild  plums,  and  an  important  era  in  the  warfare  against 
this  insect  has  Deen  marked  by  the  recent  adoption  of  arsenical 
sprays  as  a  preventive  of  injury.  Experiments  have  been  carried  on 
miring  the  past  two  years  by  agents  of  this  Division  which  disprove 
the  former  theory  and  which  confirm  the  partial  efficacy  of  a  proper 
spraying  with  Paris  green  or  London  purple.  The  results  are  sum- 
marized in  the  article. 

The  article  upon  the  Hop  Plant-louse  is  a  summary  of  the  results 
arrived  at  in  the  investigation.  The  details  of  the  investigation,  to- 
gether with  the  reports  of  agents  and  some  further  particulars  of  the 
experiments  with  remedies  1  have  reserved  for  a  special  bulletin  for 
circulation  amonff  hop-growers,  as  the  paper  is  too  long  for  the  lim- 
ited space  allotted  to  the  annual  report. 

Since  the  publication  of  my  report  for  1886  a  great  deal  of  inter- 
esting material  has  been  brought  together  which  is  supplementary 
to  the  article  on  the  Fluted  or  Cottony  Cushion-scale  of  California. 
This  matter  should  be  published  soon,  and  inasmuch  as  the  original 
article  appeared  in  an  annual  report  and  as  the  discussion  of  remedies 
is  applicable  to  other  scale-insects  as  well,  and  particularly  as  the 
discussion  of  some  of  the  principles  involved  in  the  study  of  this 
pest  are  of  broad  interest,  I  nave  brought  together  these  supplement- 
ary facts  in  an  article  in  this  report.     As  suggested  in  the  introduc- 
tion to  my  report  for  1887,  the  Department  has  been  able,  through 
the  State  Department,  to  send  an  agent,  Mr.  Koebele,  to  Australia, 
for  the  purpose  of  studying  and  collecting  for  importation  into  Cali- 
fornia tno  parasites  of  this  pest  in  its  native  home.     The  results  of 
this  mission  are  up  to  the  present  time  most  encouraging.     Over 
12,00 J  living  parasites  have  been  successfully  transported  to  Los 
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Angeles,  Cal.,  and  are  at  present  confined  to  infested  orange  trees 
under  the  observation  of  Mr.  Coqnillett.  I  expect  two  more  large 
shipments  and  Mr.  Koebele  will  himself  return  with  the  last,  giving 
it  the  most  careful  i:>ersonal  supervision. 

Further  experiments  with  remedies  for  this  scale-insect  are  detailed 
in  a  report  by  Mr.  Coquillett  which  is  published  under  the  head  of 
Reports  of  Agents.  He  considers  mainly  supplementary  experiments 
with  the  gas  treatment  ^nd  with  one  of  Mr.  Koebele's  resin  com- 
pounds. I  have  elsewhere  declared  my  opinion  that  the  present  state 
of  discouragement  among  citrus-growers  of  California  is  not  entirely 
justified,  since  past  experience  has  sho^vn  that  by  a  thorough  use  of 
the  kerosene-resin  washes  young  groves  can  be  kept  free  from  this 
scale  at  a  reasonable  expense. 

A  report  upon  the  work  in  silk-culture  is  included,  from  Mr.  Philip 
Walker.  In  reference  to  these  experiments  and  to  the  general  sub- 
ject of  silk-culture  in  the  United  States  I  find  no  reason  to  modify 
the  conclusions  which  have  been  repeatedly  expressed  in  my  pre- 
vious repjorts.  The  arguments  made  some  five  years  ago  before  the 
then  Tariff  Committee  in  the  House  of  Representatives,  which  re- 
sulted in  the  recommendation  of  a  duty  on  the  raw  silk  by  the  said 
committee,  have  the  same  force  to-day  that  they  had  then.  The  duty 
was  stricken  off  in  the  Senate  by  arguments  which  were  humorously 
in  conflict  with  each  other. 

For  the  past  five  years  the  Department  has  been  carrying  on,  un- 
der my  direction,  a  series  of  experiments  with  a  view  of  testing  the 
feasibility  of  profitable  silk-reeling  and  of  thus  establishing  a  home 
market  for  cocoons.  For  two  years  these  experiments  were  made  at 
-three  different  points,  viz :  San  Francisco,  New  Orleans,  and  Phila- 
delphia, with  a  view  of  establishing  filatures  at  such  points.  The 
result,  as  may  be  seen  by  previous  reports,  was  not  satisfactory. 
There  seemed  to  be,  however,  from  the  promise  which  the  Serrell 
automatic  reeling  machinery  then  gave,  some  prospect  of  overcoming 
many  of  the  difficulties  which  had  been  encountered  in  the  earlier 
attempts,  and  three  years  ago  Congress  authorized  you  to  establish 
a  silk  filature  in  connection  with  the  Department  at  Washington, 
where  it  could  be  directly  superintended  by  myself  and  Mr.  Walker, 
and  to  thoroughly  test  the  Serrell  automatic  machinery.  I  felt  that 
two  years'  experimentation  would  enable  me  to  ^ve  a  definite  an- 
swer to  the  question  as  to  whether  with  this  machinery  the  question 
of  labor  could  be  sufficiently  minimized  to  make  silk-reeling  profita- 
ble in  the  United  States'. 

Owing  to  various  vicissitudes  and  contingencies  which  it  is  not 
necessary  to  refer  to  in  detail,  and  particularly  from  the  fact  that 
experimental  work,  under  Departmental  restrictions,  is  more  expen- 
sive than  it  would  be  in  private  hands,  the  results  of  these  two  years' 
experimentation  were  not  entirely  satisfactory,  though  they  indicated 
very  clearly  that  the  silk  could  not  be  reeled  at  a  profit.  Some  im- 
provements were  at  that  time  being  perfected  in  France  in  the  de- 
tails of  the  Serrell  automatic  machinery  which  seemed  again,  ac- 
cording to  Mr.  Walker,  who  personally  investigated  them,  to  promise 
well,  and  to  justify  the  continuation  of  the  experiments ;  and  Congress 
appropriated  the  third  time  for  this  purpose  and  also  to  provide  for 
tne  establishment  of  some  choking  stations  at  different  points  in  the 
West  or  in  the  centers  of  silk-culture,  where  the  cocoons  might  be 
intelligently  handled  and  choked  under  supervision. 
Owing  to  the  lateness  of  the  season  when  the  appropriation  be- 
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came  available ;  to  the  fact  that  the  Division  was  required  to  make 
an  exhibit  at  the  Cincinnati  Exposition  ;  and,  lastly,  to  the  fact  that 
Mr.  Philip  Walker  has  found  difficulty  with  the  later  improvements 
in  the  machinery  received  from  France,  the  work  the  present  year 
has  not  progressed  to  such  an  extent  as  to  justify  a  final  conclusion. 
Some  patentable  improvements  have  been  made  which  may  over- 
come some  of  the  chief  difficulties  hitherto  encountered  ;  but  I  am 
free  to  confess  that  I  have  little  hope  of  final  favorable  result  so  far 
as  the  main  object  of  the  experimentation  is  concerned.  In  short,  I 
do  not  believe  that,  with  whatever  discoveries  or  improvements  we 
may  make,  it  will  ever  be  profitable  to  reel  silk  in  this  country  with- 
out some  protection  against  the  cheaper  labor  of  foreign  countries, 
and  this  means  that  the  experiments  so  far  made  confirm  the  argu- 
ments which  I  have  always  urged  as  to  the  necessity  of  such  protec- 
tion for  the  establishment  of  silk-culture  in  America. 

There  is  no  question  as  to  our  ability  to  produce  the  cocoon  and,  as 
I  have  urged,  we  have  many  advantages  over  the  Old  World  in  this 
respect ;  but  the  five  years'  experimentation  with  Congressional  aid 
has  simply  served  to  give  an  artificial  impetus  to  silk-raising  which 
would  again  fall  back  to  its  former  condition  upon  the  withdrawal 
of  such  aid.  No  one  could  be  more  enthusiastic  or  more  interested 
inhis  efforts  to  successfully  solve  the  problem  than  Mr.  Philip  Walker, 
who  has  had  direct  charge  of  the  filature  here  at  Washington;  and, 
after  careful  calculation,  he  has  estimated  that  a  specific  duty  of  $1 
per  pound  upon  the  reeled  or  so-called  raw  silk  would  render  the 
reeling  profitable  in  this  country.  Without  such  duty  I  fear  that 
the  continued  experimentation  with  the  Serrell  reel  will  be  of  very 
little  avail.  For  it  must  not  be  forgotten  that  whatever  improve- 
ments accrue  from  our  own  experimentation  here  will  be  just  as 
valuable  abroad,  unless  they  are  protected  by  patent  for  the  oenefit 
of  the  American  Government. 

Without  considering  in  any  way  the  q^uestion  of  protection  in  the  . 
abstract  it  has  always  seemea  to  me  plain  that  if  tne  policy  of  the 
Government  is  protection  there  should  be  no  exception  or  discrimina- 
tion made  in  this  particular  case. 

The  investigations  of  the  Division  during  the  year  have  been  sum- 
marized in  your  annual  report  to  the  President.  They  consist,  in 
brief,  of  an  investigation  of  the  free-living  Nematode  worms  of  the 
family  AnguillulidsB  which  infest  the  roots  of  Peach  and  other  crops 
m  Florida ;  an  investigation  of  the  damage  done  by  the  Boll  Worm  of 
Cotton  to  the  tomato  crop  in  certain  of  the  Gulf  States  ;  an  investi- 
gation of  the  condition  of  affairs  in  the  Northwest  regarding  the  prob- 
abilities of  an  invasion  of  the  Rocky  Mountain  Locust ;  the  further 
investigation  of  insects  injurious  to  cereal  crops ;  of  tlie  Buffalo  Gnat 
o(  the  Southwest ;  of  certain  injurious  insects  in  Missouri,  and  of 
insects  injurious  to  live-stock. 

,  The  agent  who  has  been  engaged  upon  the  first  of  these  investiga- 
tions has  submitted  his  report,  which  will  be  published  in  a  separate 
bulletin.     The  report  upon  the  second  is  here  published.     The  re- 
sults of  Mr.  Bruner's  trip  to  the  Northwest  have  been  summarized  in 
the  September  number  of  the  periodical  bulletin,  and  I  may  here 
repeat  in  brief  that,  so  far  as  his  examination  of  the  condition  of 
affairs  warrants  an  opinion,  the  outlook  for  1889  is  most  favorable. 
Early  in  the  season  the  destructive  locusts  did  great  damage  in  Min- 
nesota and  excited  fears  of  more  widespread  injury  another  year;  but 
this  report  of  Mr.  Bruiier's  and  the  excellent  work  done  in  Minnesota 
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by  a  former  assistant  in  the  Division,  Mr.  Otto  Lugger,  have  re- 
lieved us  from  all  such  aiiticipations  of  extended  damage. 

The  publications  of  the  Division  during  the  year  represent,  to 
some  extent,  the  work  done,  and  have  been  as  follows : 

Bulletin  No.  17.  The  Chinch  Bug.  A  general  summary  of  its 
history,  habits,  enemies,  and  of  the  remedies  to  be  used  against  it. 

Tiiis  bulletin  was  called  forth  by  the  fact  that  the  season  of  ]  887 
was  marked  by  very  extensive  Chinch  Bug  damage  over  a  large  por- 
tion of  the  West  and  Northwest,  as  well  as  some  of  our  Soutnem 
Atlantic  States.  It  was  issued  early  in  the  spring  and  distributed 
generally  over  the  infested  region,  affording  farmers  information 
upon  which  to  base  their  operations  during  the  present  season. 

Bulletin  No.  9.     The  Mulberry  Silk- worm.     Seventh  edition. 

The  call  for  this  manual  of  instructions  lias  been  so  great  that  six 
editions  have  been  exhausted. 

Bulletin  No.  18.  The  Life  and  Entomological  Work  of  the  late 
Townend  Glover,  first  Entomologist,  U.  S.  Department  of  Agri- 
culture. 

The  work  done  by  Mr.  Glover  during  his  long  term  of  service  for 
the  Department  was  of  such  a  character  as  to  merit  this  attention. 
In  the  bulletin  the  characteristics  of  the  man,  his  methods  of  work, 
and  the  results  accomplished  are  treated,  and  a  bibliography  of  his 
entomological  writings  is  appended. 

Catalogue  of  the  Exhibit  of  Economic  Entomology  at  the  New 
Orleans  Exposition.     Second  edition. 

The  shape  in  which  this  catalogue  v/o^  published  in  1885  was  such 
that  it  afforded  at  a  glance  the  principal  references  to  the  literature 
of  our  most  prominent  injurious  insects,  together  with  an  indication 
of  their  natural  enemies  and  the  remedies  to  be  used  against  them. 
Its  ai'rangement  was  such  as  to  render  it  an  excellent  medium  for 
labeling  collections  in  economic  entomology,  and  for  conveying 
succinct  information.  As  a  result  there  has  oeen  a  constant  call  for 
it  from  entomologists  and  agriculturists,  and  a  new  edition  became 
necessary. 

Bulletin  No.  10.  Our  Shade  Trees  and  their  Insect  Defoliators. 
Second  revised  edition. 

The  call  for  this  bulletin  has  been  very  large  indeed,  and  in  the 
light  of  the  experience  of  the  season  of  1887,  certain  facts  were  added 
and  the  second  edition  was  published  to  meet  the  demand. 

Bulletin  No.  19.  Enumeration  of  the  published  Synopses,  Cata- 
logues, and  Lists  of  North  American  Insects.together  with  other  Infor- 
mation intended  to  assist  the  Student  of  North  American  Entomol- 
ogy. 

Hardly  any  question  is  more  often  asked  of  the  entomologist  than 

how  can  books  he  obtained  which  will  enable  one  to  identify  insects? 
This  bulletin  was  published  in  part  to  answer  this  question,  and  also 
to  furnish  information  as  to  the  best  works  upon  economic  entomol- 
ogy and  upon  general  entomology,  and  how  to  obtain  them.  It  has 
been  very  vrell  received,  and  is  probably  as  useful  a  bulletin  as  has 
been  published  by  the  Department  for  some  time. 

Periodical  Bulletin,  Insect  Life.     Nos.  1  to  7. 

The  necessity  for  some  speedy  and  regular  means  of  publication, 
in  which  might  be  jnintinl  short  articles,  notes,  reports  of  the  prog- 
ress oi:  invGstigation.s,  ai«.d  short  articles  upon  entomological  subjects 
which  are  either  too  Ihn:  ted  in  scope  or  too  disconnected  to  be  used 
in  the  annual  report  or  in  special  bulletins  of  the  Division  resulted  in 
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this  Periodical  Bulletin.     The  manner  in  which  it  has  been  received, 
and  the  favorable  comments  of  the  agricultural  press,  of  farmers, 
and  of  workers  in  agricultural  entomology,  have  borne  out  my 
prophecy  in  the  introductory  number  to  the  effect  that  so  far  as  the 
interests  of  economic  entomology  are  concerned  we  have  instituted  no 
reform  that  will  be  productive  of  more  general  good  or  that  will  give 
more  general  satisfaction.     The  numbers  up  to  the  present  time  have 
consisted  of  two  signatures  each  and  have  been  plentifully  illustrated, 
a  prominent  feature  being  extracts  from  the  correspondence  of  the 
Division  with  farmers  and  others  on  the  subject  of  injurious  insects. 
The  Divisional  force  remains  substantially  as  it  was  a  year  ago, 
though  the  demand  which  the  recently  established  experiment  sta- 
tions have  made  for  experienced  entomologists,  and  the  more  liberal 
salaries  which  many  of  them  are  able  to  pay,  as  compared  with  De- 
partment salaries,  have  drawn  from  the  Division  two  of  my  effective 
assistants — Mr.  Otto  Lugger,  who  has  accepted  a  position  at  the  Min- 
nesota station,  and  Mr.  William  B.  Alwooa,  who  has  accepted  a  posi- 
tion at  the  Virginia  station.     Their  places  have  been  filled  by  Mr. 
Tyler  Townsend,  of  Michigan,  and  Mr.  C.  L.  Marlatt,  of  Kansas. 

The  preparation  of  the  exhibit  of  the  agricultural  products  of  the 
country  for  the  Paris  Exposition  of  1889,  which  you  have  charged  me 
with  as  your  representative,  has  necessarily  occupied  much  of  my  time 
since  last  September ;  and  as  the  President  has  seen  fit  to  appoint  me 
as  one  of  the  assistant  commissioners  to  that  Exposition  I  shall  neces- 
sarily be  away  from  the  office  for  some  months  during  the  coming 
summer.  But  the  divisional  force  is  so  organized  and  plans  for  the 
future  so  made  that  the  work  of  the  Division  will  not  suffer,  but  will 

fo  on  under  the  intelligent  management  of  my  first  assistant,  Mr. 
[oward,  with  whom  I  shall  be  in  constant  correspondence  during 
my  absence. 

Kespectfully  submitted,  January  31, 1889. 

C.   V.   KiLEY, 

Entomologist. 

Hon.  Norman  J.  Colman, 

CoTnmissioner, 


MISCELLANEOUS  INSECTS. 
THE  PLUM  CURCULIO. 

{Conotrachelus  nenuphar,  Herbst.) 

Order  Coleoptera;  family  Curculionid^. 

By  C.  V.  Riley  and  L.  O*.  Howard. 

[Plates  I  and  XII.] 

INTRODUCTORY. 

In  the  last  annual  report  considerable  space  was  devoted  to  tho  re- 
consideration of  two  of  our  injurious  insects  of  first  importance  wliich 
had  been  attracting  much  attention,  but  concerning  which  there  had 
been  no  comprehensive  account  published  by  the  Division.     In  the 
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same  way  we  this  year  review  once  more,  for  the  purpose  of  placing 
it  in  reaaily  accessible  shape,  the  habits  and  life-history  of  the  well- 
known  pest  whose  name  appears  at  the  head  of  this  article.  Since 
the  publication  of  the  entomological  reports  of  Missouri,  although 
the  newspaper  literature  has  been  very  extensive,  no  one  compre- 
hensive article  of  much  detail  has  been  published,  so  that  we  pro- 
pose here  to  give,  without  much  circumlocution,  the  exact  facts 
ascertained,  and  to  devote  some  little  space  to  the  treatment  of  reme- 
dies. 

GEOGRAPHICAL.  DISTRIBUTION. 

The  genus  •  Conotrachelus  is  almost  exclusively  American.  Of 
something  over  a  hundred  species  which  have  been  described,  all  are 
either  from  North  America,  Mexico,  Central  America,  the  West  In- 
dies, or  South  America,  with  the  exception  of  C,  helferi,  said  to  come 
from  East  India,  C.  hirsutits  smd^  C.  hispidus,  which  were  described 
from  the  island  of  Lifu  (South  Pacific),  and  C,  tagax,  supposed  to 
come  from  Caffraria.  There  is  some  doubt  as  to  the  correct  generic 
reference  of  the  first  three  species,  and  the  locality  of  the  last  has  been 
questioned.  North  America  alone  contains  twenty-eight  species. 
The  Plum  Curculio  proper  (C  nenuphar)  is  confined,  so  far  as  we  can 
learn,  to  the  United  States,  and  was  first  described  in  1797  by  Herbst, 
and  was  redescribed  by  Fabricius  and  Dejean  under  diflferent  names. 
It  was  treated  as  an  insect  pest  at  least  as  early  as  1746,  and  there  is 
no  doubt  whatsoever  that  it  is  an  indigenous  species,  feeding  in  this 
country  upon  wild  stone  fruits  from  time  immemorial.  It  seems  cer- 
tain, moreover,  that  from  the  very  first  it  has  not  been  confined  to 
any  one  section  of  the  country  but  has  existed  wherever  wild  plums 
grew.  It  seems  tolerably  certain  also  that  the  insect  has  increased 
enormously  in  parts  where  cultivated  varieties  have  been  introduced, 
and  its  comparative  scarcity  where  only  wild  fruits  grew  years  ago 
has  frequently  given  rise  to  the  idea  that  it  was  actually  introduced 
with  the  cultivated  varieties  ;  whereas  it  furnishes  simply  another 
case  of  the  preference  of  an  indigenous  insect  for  introduced  and  cul- 
tivated plants  congeneric  with,  or  allied  to,  its  original  food  plant, 
with  instances  of  which  every  student  of  economic  entomology  is  so 
familiar.  We  need  only  mention  the  case  of  the  Colorado  Potato- 
beetle  to  furnish  at  once  a  striking  example. 

At  present  the  Plum  Curculio  is  known  from  Canada  to  Florida 
and  west  to  the  Rocky  Mountains  as  a  stone-fruit  destroyer.  It  has 
not  been  found  as  yet,  so  far  as  we  know,  in  California  or  elsewhere 
on  the  Pacific  coast,  and  such  collectors  as  Mr.  James  Behrens,  Dr. 
J.  J.  Rivers,  and  our  agents,  Mr.  D.  W.  Coquillett  and  Mr.  Albert 
Koebele,  have  never  collected  it  west  of  the  Rocky  Mountains.  Its 
appearance  on  the  Western  slope,  however,  is  probably  only  a  ques- 
tion of  time,  when  the  intervening  country  becomes  more  thickly  set- 
tled, although  it  is  interesting  to  note  that  twenty-two  years  ago  Mr. 
Walsh  commented  upon  the  non-occurrence  of  the  pest  in  California, 
but  did  not  predict  its  eventual  introduction,  because  of  the  different 
character  of  the  fauna  and  flora  of  the  Pacific  coast.  While  there 
has  always  been  some  danger  of  the  introduction  of  the  pest  into 
northern  California,  Oregon,  and  Washington  Territory,  we  think 
that  the  fruit-growers  of  southern  California  have  little  to  fear,  as 
we  have  observed  that  long  dry  spells  usually  destroy  the  pupse  in 
the  ground.  We  therefore  doubt  whether  it  could  successfully  bridge 
over  the  long  dry  seasons  which  are  there  so  prevalent. 
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FOOD  PLANTS. 

The  Plum  Curculio  lias  brought  about  an  almost  entire  abandon- 
ment of  plum  culture  in  many  sections  of  the  country  within  the 
last  twenty  years;  but  it  is  by  no  means  confined  to  this  fruit.  It 
breeds  in  great  numbers  in  cherries,  peaches,  apricots,  nectarines, 
and  other  stone  fruits,  including  the  Persimmon,  and  also  infests 
many  varieties  of  apples,  crabs,  and  haws.  It  prefers,  however, 
smooth-skinned  fruits.  It  is  also  a  common  inhabitant  of  the  fungus 
growth  of  Plum  and  Cherry  known  as  ^* Black  Knot"  {Plowrightia 
morbosa),  from  which  it  was  first  reared  by  Peck  in  1818. 

It  was  at  one  time  thought  that  this  species  bred  in  green  butter- 
nuts and  walnuts,  making  the  same  crescent-shaped  mark  in  the  outer 
skin  of  the  nuts.  Pitch  noticed  the  insect  upon  Butternut,  and  re- 
corded the  fact  that  specimens  so  found  were  larger  than  the  plum- 
fed  individuals.  Walsh  afterward  bred  the  beetles  from  these  nuts 
and  sent  specimens  to  LeConte,  who  considered  them  as  belonging 
to  a  phytophagic  variety  of  the  plum  species,  differing  only  in  size. 
Walsh  later  pointed  out  a  constant  colorational  difference,  and  Le- 
Conte subsequently  established  a  distinct  species  (jConotrachelus  jug- 
landis)  for  the  nut-bred  form. 

HABITS  AND   NATURAL   HISTORY. 

The  Egg  and  the  Process  of  Oviposition. — The  egg  of  the  Plum 
Curculio  is  oval,  of  a  pearl-white  color,  and  large  enough  to  be  seen 
with  the  naked  eye.  Careful  measurements  indicate  that  the  aver- 
age length  is  about  1"'"".  It  is  laid  in  green  fruit  soon  after  the  blos- 
soms fall.  The  number  of  eggs  laid  by  a  single  female  has  been  va-? 
riously  stated.  Riley,  in  1868,  estimated  from  fifty  to  one  hundred, 
which  are  laid  at  the  average  rate  of  five  to  ten  per  day.  Prof.  A. 
J.  Cook,  in  writing  to  the  New  York  Weekly  Tribune  of  June  9, 
1880,  says,  **I  know  by  dissection  that  a  single  female  may  contain 
thirty  eggs."  Dissections  made  for  us  during  the  season  oi  1887,  by 
Mr.  Alwood,  showed  that  early  in  May  only  one  or  two  fully  devel- 
oped eggs  could  be  found ;  many  immature  ova,  however,  could  be 
seen.  Late  in  May,  however,  from  four  to  ten  mature  eggs  were 
found  in  each  female  examined.  No  account  of  the  actual  number 
of  eggs  in  an  ovary  at  any  one  time  was  made,  but  from  what  we 
know  of  the  rate  of  development  Riley's  estimate,  based  on  dissection 
and  observation,  is  unquestionably  correct. 

The  process  of  depositing  a  single  egg  requires  about  five  minutes. 
The  description  of  tlie  process  published  by  Riley  may  be  repeated : 
**  Having  taken  a  strong  hold  on  the  fruit  the  female  makes  a  minute 
cut  with  the  jaws,  which  are  at  the  end  of  her  snout,  just  through 
the  skin  of  the  fruit,  and  then  runs  the  snout  under  the  skin  to  tne 
depth  of  one-sixteenth  of  an  inch,  and  moves  it  back  and  forth  until 
the  cavity  is  large  enough  to  receive  the  egg  it  is  to  retain.  She  next 
changes  ner  position,  and  drops  an  egg  into  the  mouth  of  the  cut ; 
then,  veering  round  again,  she  pushes  it  by  means  of  her  snout  to 
the  end  of  the  passage,  and  afterward  cuts  the  crescent  in  front  of  the 
hole  so  as  to  undermine  the  egg  and  leave  it  in  a  sort  of  flap ;  her 
object  apparently  being  to  deaden  this  flap  so  as  to  prevent  the  grow- 
ing fruit  from  crushing  the  egg,  though  Dr.  Hull  informs  me  that 
he  has  repeatedly  removed  the  insect  as  soon  as  the  egg  was  deposited 
and  before  the  flap  was  made,  and  the  egg  hatched  and  the  young 
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penetrated  the  fruit  in  every  instance."  Many  subsequent  observa- 
tions b(3th  under  cover  and  m  the  field,  made  lor  us  by  Mr.  Alwood, 
cpnlinn  the  above.  When  he  was  able  to  time  the  operation,  how- 
ever, it  required  a  longer  period  than  that  mentioned  by  Riley.  The 
first  cutting  of  the  cylindrical  hole  occupied  five  minutes,  the  deposit- 
ing of  the  egg  thirty  seconds,  and  the  packing  in  of  the  egg  aujd  the 
cutting  of  the  crescent  slit  from  six  to  eight  minutes  longer.  The 
time  occupied  varies,  however,  with  the  temperature  and  the  vitality 
of  the  individual.  In  cutting  the  crescent  the  snout  is  swung  to  one 
side  as  far  as  the  joint  between  the  head  and  pro-thorax  will  permit, 
and  is  inserted  into  the  fruit  at  an  angle  of  about  45  degrees  and  di- 
rected backward  under  the  body.  The  cut  is  continued  around  the 
egg-puncture  as  a  center  as  far  as  the  head  will  turn,  and  as  far  as  the 
snout  will  conveniently  reach.  The  resulting  slit  is  therefore  an  arc 
of  a  circle.  The  object  of  the  cutting  of  the  crescent  slit  was  first 
suggested  by  Mr.  Franklin  C.  Hill,  of  Yellow  Springs,  Ohio,  in  the 
Practical  Entomologist,  Vol.  II,  p.  115  (September,  1867).  After  de- 
scribing the  operation,  Mr.  Hill  says:  "Can  her  object  be  to  wilt 
the  piece  around  the  egg  and  prevent  the  growing  fruit  from  crush- 
ing it  ?"  Walsh  and  others  immediately  accepted  this  explanation, 
which  is  undoubtedly  the  correct  one.  Previous  writers,  including 
Walsh  himself,  followed  Harris,  who  expresses  himself  on  this  point 
as  follows :  "  The  beetle  first  makes  a  small  crescent-shaped  incision, 
with  its  snout,  in  the  skin  of  the  plum,  and  then,  turning  round,  in- 
serts an  egg  in  the  wound."  The  eggs  will  hatch  in  from  three  to 
ten  days,  depending  upon  the  weather,  and,  as  the  period  of  oviposi- 
tion  frequently  extends  over  two  months,  a  confusion  of  stages  arises. 

From  Kiley  s  observations  it  seems  quite  certain  that  many  of  the 
eggs  which  are  deposited  after  the  1st  of  July  fail  to  hatch,  or  the 
young  larvae  die  soon  after  hatching,  owing  in  all  probability  to  the 
riper  and  more  juicy  condition  of  the  f  iniit  at  that  season.  A  num- 
ber of  eggs  may  be  deposited  in  a  single  plum,  whether  by  the  same 
female  or  not  has  not  been  determined.  From  one  to  a  dozen  of  the 
crescent  marks  are  often  seen  upon  a  single  plum,  while  a  single 
apple  may  carry  a  greater  number. 

The  Larva, — The  larva  of  the  Plum  Curculio  is  white  and  footless, 
and  furnished  with  a  horny  head  (Plate  I,  fig.  1).  It  works  its  way 
immediately  after  hatching  in  stone  fruit  to  the  pit  and  there  grows 
to  full  size,  eating  the  pulp  around  the  stone.  The  larva  attains  its 
full  growth  in  from  three  to  five  weeks,  when  it  is  about  10°"""  (0. 4  inch) 
in  length,  rather  stout,  and  of  a  glistening  whitish  color.  The  head 
is  light  brown  and  there  is  a  pale  line  along  each  side  of  the  body. 
There  is  a  row  of  small  black  bristles  below  the  side  lines  and  on  the 
second  segment  a  less  distinct  row  of  bristles  above  ;  also  a  few  pale 
hairs  near  the  anal  end  of  the  body.  The  fruit  thus  infested  falls 
prematurely  iu  a  large  majority  of  cases  with  plums,  apricots,  and 
peaches.  Cherries,  however,  do  not  fall,  but  remain  upon  the^tree. 
One  or  two  varieties,  particularly  the  English  Morello,  are  said,  how- 
ever, to  mature  and  arop.*  In  cherries  seldom  more  than  one  larva 
is  found  in  a  single  fruit,  but  several  are  often  found  in  a  single  plum, 
peach,  or  apple.  Rarely  are  as  many  larvae  found  in  the  fruit  as  there 
are  punctures  under  the  skin,  and  many  eg^s  therefore  fail  to  natch. 

After  the  fruit  has  fallen  to  the  ground  the  larvae  may  still  remain 
within  it  for  some  time,  but  as  soon  as  they  are  full  grown  they 
issue  and  enter  the  ground  to  pupate.  Larvae  issuing  from  cherries 
drop  to  the  ground  for  the  same  purpose.     They  seldom  burrow  to  a 
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greater  depth  than  4  or  5  inclios,  mid  at  the  end  of  the  hurrow  they 
construct  a  small  oval  cell  within  which  to  pupate. 

Pupa, — The  piijja  is  illustrated  at  Plate  I,  ngs.  2  and  3.  It  is  white 
at  first,  becoming  yellowish  as  it  grows  older.  It  remains  in  this  con- 
dition from  three  to  six  weeks. 

Ihe  Adnlf. — The  beetle  is  familiar  to  most  fruit-growers  and  is 
besides  so  well  shown  at  Plate  I,  figs.  4,  5,  and  6,  that  a  detailed  de- 
scription is  unnecessary.  While  the  females  lay  their  eggs  chiefly 
dunng day-time  the  insect  is  essentially  nocturnal,  flying  freely  dur- 
ing the  warmer  nights  and  only  seeking  shelter  when  the  nights  are 
cold. 

There  has  been  much  discussion  upon  the  point  as  to  how  much 
the  insect  feeds  in  the  adult  state,  as  the  question  is  important  from 
a  remedial  stand-point.  There  is  no  longer  any  question  about  the 
matter,  however,  for  Riley  records  the  fact  that  the  adult  gnaws  not 
only  the  fruit  but  also  the  young  twigs  and  even  the  buds  and  leaves 
for  food,  both  in  the  spring  and  in  the  late  summer.  The  holes  in 
the  young  plums  made  by  feeding  are  irregular,  and  need  never  be 
mistaken  for  the  marks  made  by  oviposition.  Fig.  8  of  Plate  I 
will  indicate  the  size  and  shape  of  some  of  these  food  scars.  The 
normal  feeding  spot  is,  however,  not  so  large  as  the  largest  ones 
there  indicated  and  is  usually  circular.  This  taking  of  food  by  the 
adults  is  mainly  noticeable  in  the  spring,  as  the  fruit  and  vegetation 
is  at  that  time  smaller  and  younger  and  the  beetles  after  their  winter 
fast  may  be  presumed  to  be  hungrier.  Some  further  observations 
upon  the  feeding  habit  in  autumn  have  only  recently  been  recorded 
by  Prof.  J.  H.  Comstock,  who  proved  that  this  Curcuiio  is  responsible 
for  at  least  some  of  the  numerous  circular  pits  seen  in  apples  in  late 
summer  and  early  fall,  and  has  recorded  his  observations  in  the 
American  Naturalist  for  November,  1888,  pp.  1035  and  1036,  under 
the  caption  "Serious  injury  to  apples  by  the  Plum  Curcuiio."  Wo 
quote  from  his  article  as  follows  : 

During  the  latter  part  of  the  past  summer  my  attention  was  attracted  to  a  serious 
injury  done  to  the  fruit  in  an  apple  orchard  through  which  I  passed  daily.  A  largo 
proportion  of  tlie  apples  in  a  comer  of  the  orchard  had  been  eaten  into  by  something 
which  made  small  pits  from  one-eighth  to  one-fourth  inch  in  diameter,  and  of  alwut 
the  same  depth.  On  one  tree  nearly  every  apple  had  been  attacked,  and  in  many 
cases  there  were  ten  or  twelve  holes  in  a  single  apple.  The  injury  was  so  serious  as 
to  render  fruit  on  this  part  of  the  orchard  unmarketable. 

The  holes  in  the  apples  were  first  discovered  during  the  latter  part  of  August.  At 
that  time  many  of  them  were  pai-tially  grown  over,  while  others  were  fresh,  indi- 
cating that  the  pest  had  been  at  work  for  a  considerable  time  and  was  still  active. 
As  the  injury  to  the  apples  resembles  somewhat  that  caused  by  a  climbing  cut-wonn 
that  sometimes  infests  apples  of  western  New  York,  I  at  first  searched  for  cater- 
pillars, and  gave  little  thought  to  the  plum  curculios  that  I  frequently  found  hiding 
in  the  pits  in  the  apples.  But,  after  finding  a  considerable  number  of  the  insects  in 
these  pits,  it  occurred  to  me  that  they  might  be  the  cause  of  the  mischief.  Several 
perfect  apples  were  then  selected  and  placed  in  breeding  cages,  in  each  of  which 
^ere  connned  several  curculios.  The  question  was  soon  settled.  Within  twenty- 
four  hours  the  beetles  had  be.^un  to  eat  into  the  apples.     They  made  s^iiall  holes  at 

fi^,  but  these  were  soon  enlarged  so  as  to  form  pits  of  the  size  indicated  above. 
♦  »   #  "  '^ 

The  suhstance  of  this  note  was  reprinted  in  Bulletin  3  of  the  Agri- 
cultural Exj)eriraent  Station  at  Cornell  University,  together  with  ad- 
vance quotations  from  a  then  unpublished  note  by  Mr.  C.  M.  Weed. 
entoinoiogist  to  the  Ohio  Agricultural  Experiment  Station,  in  which 
Mr.  Weed  states  that  he  was  surprised  to  notice  the  avidity  with  wliicl} 
an  adult  Curcuiio  ate  a  largo  green  plum  when  confined  with  it  in  a 
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breeding  jar  in  June.  He  also  states  tliat  he  lias  been  informed  by 
Professor  Forbes  that  he  has  found  that  the  adult  Qurculio  eats 
freely  of  the  substance  of  the  leaves.  All  these  late  observations  con- 
firm and  recall  similar  experience  by  the  senior  author  years  ago  in 
Missouri. 

Number  of  Broods  and  Hibernation. — About  these  two  points  there 
has  been  much  confusion  among  the  earlier  writers  on  this  insect. 
Dr.  Harris  and  previous  writers  believed  that  the  winter  was  passed 
in  the  larva  state  under  ground.  Dr.  E.  Sanborn,  in  1849,  stated  that 
in  his  opinion  the  insect  hibernates  in  the  beetle  state  above  ground. 
Dr.  Fitcn  concluded  that  the  insect  was  two-brooded,  the  second  brood 
wintering  in  the  larva  state  in  the  twigs  ofpear  trees,  while  Dr.  Trim- 
ble, in  his  **  Insect  Enemies  of  Fruit  and  Fruit  Trees,"  concluded  that 
it  was  single-brooded  and  hibernated  in  the  beetle  form  above  ground. 
Dr.  Trimble's  conclusions,  which  subsequent  observations  and  exper- 
iments have  proved  to  be  correct,  were  accepted  by  later  authorities, 
prominent  among  whom  were  Walsh  and  Kiley.  The  latter,  how- 
ever, in  1867,  published  an  anonymous  article  in  the  Prairie  Farmer 
for  July  of  that  year,  over  the  signature  of  "V,"  in  which  he  con- 
cluded from  the  early  appearance  of  adults  near  Cobden  that  the  in- 
sect was,  exceptionally,  two-brooded,  or  that  it  was  more  frequently 
two-brooded  in  the  region  of  Cobden.  This  communication  Mr. 
Walsh  quoted  as  corroborative  of  his  revised  opinion,  and  in  his  first 
report  as  acting  State  entomologist  of  Illinois,  submitted  in  1867,  en- 
tered into  an  extended  argument  to  prove  that  the  insect  is  two- 
brooded,  based  almost  entirely  upon  the  fact  that  from  a  lot  of  plums 
placed  by  him  in  breeding  jars  the  adults  issued  steadily  from  July 
19  to  August  4,  and  that  there  was  then  a  period  from  August  5  to 
August  23,  inclusive,  during  which  no  beetles  appeared,  although  on 
August  25  they  commenced  appearing  again  and  continued  to  do  so 
daily  until  September  14.  Ins  inference  was  that  the  beetles  of  the 
latter  series  were  the  offspring  of  those  of  the  former.  The  flaw  in 
his  argument  comes  from  the  fact  that  the  beetles  of  the  two  series 
were  from  two  distinct  lots  of  plums,  collected  at  different  times,  the 
first  series  issuing  from  plums  collected  June  24  to  27,  from  both  wild 
and  tame  trees,  while  the  plums  from  which  the  second  series  issued 
were  not  collected  until  July  27  and  were  exclusively  from  wild  trees. 

Dr.  E.  S.  Hull,  in  1868,  from  his  own  personal  experience  corrob- 
orated the  views  announced  by  Dr.  Trimble,  and  in  the  same  year 
Riley,  in  his  First  Report  on  the  Insects  of  Missouri,  accepted  these 
conclusions  in  large  part,  with  the  reservation,  however,  tliat  a  cer- 
tain portion  of  the  insects  might  pass  the  winter  under  ground  both 
in  the  larva  and  pupa  states  at  a  depth  frequently  of  from  2  to  3  feet. 
(Walsh  had  previously  accepted  the  hypothesis  of  the  hibernation 
in  the  adult  state  only.)  In  his  Third  Report,  however,  Riley  fully 
corroborates  Dr.  Trimble's  conclusions.  He  conducted  extensive 
and  careful  experiments  which  settled  the  Question  of  the  insect's 
single-broodedness,  and  he  satisfied  himself  tnat  it  invariably  passes 
the  winter  as  a  beetle  under  all  sorts  of  shelter  in  the  woods,  gener- 
ally, however,  near  the  surface  of  the  ground.  Indeed,  he  states 
that  it  often  makes  for  itself  a  hole  in  the  ground,  seldom,  how- 
ever, deep  enough  to  more  than  cover  its  own  body. 

The  principal  reasons  for  the  misconception  as  to  number  of  broods 
are  found  in  the  fact  that  an  allied  species  (Conotrachelu^  crataegi) 
hibernates  in  the  ground  in  the  larva  state  and  that  many  adults  of 
nenuphar  issue  from  stung  fruit  remarkably  early  in  the  season  and 
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remain  alive  until  the  follomng  spring  before  ovipositing.  Riley, 
in  his  Third  Report,  mentions  individuals  which  issued  from  the  first 
peaches  the  latter  part  of  June  and  which  he  had  alive  at  the  tiBcie 
of  writing  (December  2).  He  also  in  this  report  called  attention  to 
the  fact  that  the  adult  insects  often  make  a  peculiar  creaking  noise 
by  rubbing  the  tip  of  the  abdomen  up  and  down  against  the  wing- 
covers. 

NATURAL  ENEMIES. 

Birds, — Mr.  Trimble  was  probably  the  first  to  record  the  fact  that 
the  Baltimore  Oriole  will  feed  upon  this  insect,  and  subsequent  ob- 
servation has  confirmed  it.  Poultry  of  all  kinds  will  devour  the 
Curculio  and  serve  to  protect  from  injury  trees  growing  in  ground 
which  they  frequent. 

Predaceous  Insects,— The  following  predaceous  insects  have  been 
observed  to  feed  upon  the  Curculio  in  one  or  the  other  of  its  stages  : 
The  Pennsylvania  Soldier-beetle  {Chavliognathus  pennsylvanicus) 
in  its  larva  state  is  one  of  the  most  effectual  destroyers  of  the  Cur- 
culio larva  within  the  fruit,  whether  while  this  hangs  on  the  trees  or 
after  it  has  fallen  to  the  ground.  One  of  the  Golden-eyed  Lace- wing 
Flies  (Chi^sopa)  and  two  Ground-beetles  known  as  Aspidiglossa  sub- 
angvlata  and  Harpalus  pennsylvanicus  have  also  been  observed  to 
feed  ujyon  the  larva.     [See  Plate  XII,  figs.  1  to  6.1 

True  Parasites. — The  first  known  parasite  of  tne  Plum  Curculio 
was  the  Braconid  (Sigalphus  curcidionis,  Fitch)  described  originally 
in  1861,  from  specimens  bred  from  Black-knot  by  Mr.  D.  W.  Seedle, 
of  St.  Catherine,  Canada  West.      Fitch  considered  this  insect  to 
be  parasitic  upon  the  Curculio,  but  there  was  no  positive  proof 
untu  1871,  when  Riley  reared  a  large  number  from  Curculio  larvae. 
Pitch's  conclusion  had  meanwhile  been  contradicted  by  other  en- 
tomologiste,  and  principally  by  Mr.  Walsh,  who,  in  his  report  as 
acting  State  entomologist  of  Illinois,  endeavored  to  show  that  the 
Sigalphus  was  parasitic  instead  upon  the  larvsB  of  the  little  Plum 
Moth,  Semasia  prunivora.    Riley  s  observations  upon  this  parasite 
were  very  complete.     He  half  filled  large  jars  with  pure  eartn  finely 
sifted,  so  that  no  living  animal  was  left  in  it.     Into  these  jars  he 
placed  from  day  to  day  Curculio  larvae  as  they  issued  from  peaches, 
and  in  due  time  the  parasitic  flies  began  to  issue  from  the  ground 
along  with  the  perfect  Curculios.     He  learned  to  distinguish  the 
parasitized  individuals,  and  was  enabled  to  watch  the  parasitic  larvae 
reduce  its  victim  until  nothing  was  left.     After  the  Curculio  larva 
is  destroyed  the  parasitic  larva  incloses  itself  in  a  tough  yellowish 
cocoon  and  assumes  the  pupa  state,  emerging  with  the  adult  Curcu- 
lios.   During  1871  Riley  states  that  three-fourths  of  the  more  early 
developed  Curculio  larvae  were  destroyed  by  this  parasite  in  the  vi- 
cinity of  Saint  Louis.     In  that  season  he  reared  and  distributed  a 
large  number  of  these  parasites  in  different  parts  of  Missouri.     This 
vas  the  same  season  that  Dr.  Le  Baron  experimented  in  transporting 
the  Aphelinus  parasitic  on  the  Oyster-shell  Bark-louse  of  the  Apple, 
^d  the  two  are  the  first  experiments  of  the  kind  recorded  as  far  as 
^e  know.     Walsh  bred  what  he  considered  to  be  this  same  parasite 
from  the  Plum  Moth,  and  indeed  the  genus  Sigalphus  is  not  one  in 
^hich  we  notice  any  striking  uniformity  of  habit.     The  species  which 
tave  been  reared  in  Europe  attack  indiscriminately  Tiiieid  moths 
tod  bark  or  wood  boring  beetles,  so  far  as  observed. 
The  second  parasite  was  originally  described  by  Riley  in  1871  as 
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Porizon  conotracheli,  and  reared  from  cocoons  sent  to  him  by  Dr, 
Trimble.  The  species  is  now  placed  in  the  genus  Thersilochus,  a 
genus  which  is  closely  allied  to  Porizon  and  distinguished  by  com- 
paratively unimportant  characters.  This  insect  works  in  very  much 
the  same  way  as  the  one  first  mentioned,  but  instead  of  issuing  as  an 
adult  the  same  season  it  remains  in  its  tougher  and  somewhat  darker 
cocoon  through  the  fall  and  winter,  issuing  only  the  following  spring. 
This  parasite  seems  to  be  nearly  as  abundant  in  certain  sections  of 
the  country  as  the  Sigalphus,  ana  i)robably  both  are  of  some  assistance 
to  fruit-growers.  The  habits  of  other  species  of  the  genus  Thersilo- 
chus do  not  seem  to  be  known,  but  its  close  ally,  Porizon,  is  well 
known  as  parasitic  upon  beetle  larvae  in  Europe.  One  species  has 
also  been  reared  from  Rose  galls  ;  but  here  it  may  also  be  parasitic 
upon  some  inquilinous  beetle.  Strange  as  it  may  seem,  we  iiave  re- 
cently received  specimens  of  the  Thersilochus,  which  were  sent  to  us 
as  new  and  destructive  enemies  to  plums.  They  were  captured  in 
the  act  of  laying  their  eggs  in  the  fruit,  and  the  correspondent  asked 
us  whether  they  they  were  not  the  parents  of  the  white  worms  so 
often  found  in  plums  and  cherries!  For  figures  of  these  two  para- 
sites see  Plate  XII,  figs.  6  to  8. 

REMEDIES. 

For  nearly  a  hundred  years  the  agricultural  and  horticultural  pa- 
pers of  this  country  have  been  flooded  with  articles  upon  the  Plum 
Curculio  and  particularly  upon  remedies  for  its  injuries,  and  very 
little  progress  nas  been  made  in  this  direction  for  many  years  until 
quite  recently.  In  1807  Dr.  James  Tilton,  of  Wilmington,  Del.,  pre- 
sented a  paper  to  the  Philadelphia  Society  for  Promoting  Agricult- 
ure, in  which  he  cited  many  of  the  best-known  remedies  which  have 
since  been  elaborated  and  worked  over  and  improved  upon  to  some 
extent.  This  paper  really  contains  the  germ  of  all  that  is  now  known 
concerning  the  remedies  for  this  insect.  For  no  other  insect,  per- 
haps, have  so  manjr  fallacious  and  even  ludicrous  remedies  been  pro- 
Eosed,  and  it  is  dimcult  to  see  why  this  should  be  the  case,  as  the  life- 
istory  of  the  insect  was  known  with  some  degree  of  certainty  as 
early  as  the  date  we  have  mentioned. 

Preventives, — Under  this  head  we  may  mention  the  use  of  bands 
around  the  trunk  of  the  tree ;  smudges  of  gas-tar  and  other  sub- 
stances ;  the  placing  of  strongly  odoriferous  substances  in  the  tree, 
such  as  coal-tar,  camphor,  ethers,  carbolic  acid,  etc.  :  and  the  dust- 
ing or  spraying  of  the  leaves  and  fruits  with  repellents,  such  as 
lime,  soot,  ashes,  salt  and  water,  etc.  ;  the  planting  of  trees  over 
water-courses  or  small  ponds  ;  the  use  of  pavements  under  the  trees  ; 
heavy  manuring  under  the  trees ;  and,  finally,  the  planting  of  plum 
trees  among  other  fruits.  None  of  these  methods  are  of  much  avail 
as  preventives,  although  some  of  them  may  be  of  slight  effect  as  di- 
rect remedies. 

The  practice  of  using  bands  of  wool,  cotton,  or  some  adhesive  is, 
in  the  main,  the  result  of  the  supposition  that  the  female  curculio 
can  not  fly.  This  is  of  course  entirely  erroneous,  yet  it  is  an  error 
which  is  continually  occurring  in  print. 

Adhesives  painted  on  the  bark  of  the  tree  and  kept  fresh  will 
catch  an  occasional  curculio,  but  many  of  the  substances  recom- 
mended for  this  purpose  are  absolutely  dangerous  to  the  life  of  the 
tree,  and  the  wool  bands  are  in  reality  a  convenience  for  the  beetles, 
as  they  will  use  them  to  some  extent  for  shelter  during  cold  nights. 
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The  application  of  ill-smelling  substances  to  the  plant  and  the  use 
of  smudges  are  based  on  the  idea  that  the  insect  will  be  deterred 
from  oyiposition  by  the  odors.  Both  experiment  and  our  own  obser- 
vation have  shown  that  coal-tar  and  other  malodorants  do  not  repel 
in  this  case,  and  it  is  extremely  doubtful  if  enough  good  was  ever 
accomplished  by  their  use  to  pay  for  the  trouble  and  expense.  Mr. 
Lintner,  as  recently  as  1882,  in  tis  paper  on  the  "  New  Principle  in 
Protection  from  Insect  Attack,"  devotes  considerable  space  to  this 
idea.  This  paper  in  the  main  is  devoted  to  proving  what  is  gener- 
ally admitted,  that  insects  possess  a  sense  of  smell,  while  he  cites  no 
actual  experience  or  observations  in  supjDort  of  the  practical  value 
of  repellents.  Theoretically,  this  remedy  seems  valuable,  and  unques- 
tionably  there  have  been  instances  in  which  immunity  from  the  Cur- 
culio  seemed  to  havQ  been  produced  by  repellents ;  but  in  all  cases 
which  have  come»to  our  knowledge  careful  inquiry  developed  other 
causes. 

With  regard  to  the  dusting  of  lime  saturated  with  carbolic  acid 
upon  the  trees,  a  remedy  which  has  been  recommended  in  more  than 
one  article  urJon  the  subject,  we  may  state  that  we  have  had  it  thor- 
oughly testea  by  Mr.  Alwood,  without  beneficial  effects.  A  heavy 
lime- wash  has  been  shown  to  be  to  some  extent  a  protection,  but  its 
application  with  sufficient  care  to  be  a  good  preventive  would  really 
amount  to  coating  every  plum  with  the  wash. 

The  planting  of  trees  over  water  resulted  from  the  idea  that  the 
instinct  of  the  female  beetle  would  deter  her  from  laying  her  eggs  in 
situationsi  where  her  offspring  would  be  likely  to  perish,  but  this  idea 
has  proved  to  be  fallacious  in  practice,  as  the  beetles  will  oviposit  as 
freely  in  plums  in  such 'situations  as  in  any  other.  This,  however, 
as  a  direct  remedy  is  unquestionably  of  some  avail,  as  the  stung  fruit 
dropping  in  the  water  causes  the  death  of  the  contained  larvae  in 
pernaps  the  great  majority  of  th^m,  and  where  no  other  fruit  occurs 
m  the  immediate  vicinity  much  good  may  result  to  the  particular 
trees.  It  is  practised  to  the  present  day  by  Admiral  Ammen,  of 
Ammendale,  Md.,  near  Washington. 

Dr.  Tilton,  in  the  paper  previously  me^ioned,  su^gtests  the  use  of 

pavements  under  plum  trees,  without,  however,  giving  his  reasons. 

The  same  idea  was  proposed  fifty  years  later  and  created  a  great  deal 

of  discussion,  and  a  particular  kind  of  pavement  was  invented  by 

the  Hon.  James  Matthews,  and  his  invention  was  investigated  by  a 

committee  from  the  New  York  Agricultural  Society,  and  by  the 

editor  of  the  Country  Gentleman,  with  a  view  of  securing  for  the 

inventor  a  recompense  for  the  remedy  should  it  prove  successful.. 

Nothing,  however,  came  of  it  and  the  whole  matter  was  dropped. 

Mr.  N.  Longworth,  of  Cincinnati,  Ohio,  wrote  a  great  deal  at  this 

time  in  support  of  this  remedy,  and  his  idea  was  that  the  "  safety  of 

the  pavement  arose  from  the  instinct  of  the  insect.     It  will  rarely 

deposit  its  eggs  over  a  pavement,  as  the  young,  when  they  fall  from 

the  tree,  can  not  secure  winter  quarters  m  the  earth.     The  mother 

^  feels  too  strong  an  interest  in  the  children  to  subject  them  to  such  a 

fate."    The  idea  arose  undoubtedlv  from  the  fact  that  such  pave- 

nients  occur  naturally  only  where  they  are  continually  walked  over, 

and  the  comparative  immunity  of  such  trees  is  due  as  much  to  dis- 

-  turbance  and  motions  of  pedestrians,  which  the  Curculio  avoids,  as 

to  the  fact  that  the  trees  are  not  restocked  from  insects  which  have 

bred  upon  them. 
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The  protection  of  what  are  called  garden  plums  from  injury  by 
interspersing  them  with  native  plums  has  received  considerable  notice 
lately,  and  chiefly  through  Mr.  D.  B.  Wier,  formerly  of  Lacon,  EL,  a 
well-known  f ruit-gi-ower  and  writer.  Mr.  Wier  argues  this  matter 
at  considerable  length  in  Bulletin  14  of  this  Dvision,  and  has  since, 
in  his  private  communications,  sent  us  considerable  confirmatory 
testimony  from  other  fruit-growers.  Adverse  testimony;,  however, 
is  not  wanting,  as  will  be  shown  later.  Mr.  Wier's  experience,  how- 
ever, is  so  extensive,  and  his  facilities  for  observation  are  so  great, 
that  it  is  only  to  be  regretted  that  neither  in  this  bulletin  nor  else- 
where has  he  published  exact  data  upon  which  a  clear,  exact,  scien- 
tific statement  can  be  based.  Fallacies  in  his  £^f  gument  are  pointed 
out  by  Riley  in  the  introduction  to  the  bulletin  mentioned  and  in 
foot-notes.  We  consider  Mr.  Wier's  thesis  as  unproven,  and  simply 
mention  it  here  in  its  proper  place,,  as  it  receives  fuller  treatment  at 
the  end  of  the  article. 

Direct  Remedies. — Under  this  head  we  shall  discuss  all  measures 
for  entrapping  or  capturing,  by  jarring  as  well  as  poisoning,  the 

Sarent  insect  and  all  measures  aesigned  to  destroy  the  larvae.  The 
irect  remedies  have  all  been  summed  up  by  Riley  in  his  Missouri 
Reports.  The  one  advance  which  has  been  made  since  their  publica- 
tion is,  perhaps,  the  application  of  arsenical  poisons  to  the  tree,  with 
the  idea  of  killing  the  beetle  while  feeding.  This  is  considered  at 
the  end  of  the  other  remedies. 

T)*apping. — Trapping  the  beetles  when  thev  first  appear  in  the 
spring  oy  clearing  all  miscellaneous  rubbish  from  unaer  the  trees 
and  placing  chips,  bits  of  boards,  or  anything  easily  handled  which 
will  afford  them  shelter,  has  been  quite  extensively  practiced.  This 
was  at  one  time  proclaimed  by  Mr.  Ransom,  of  Saint  Joseph,  Mo., 
and  others,  as  the  great  remedy  which  was  surely  to  exterminate  the 
Curculio.  It  is  mentioned  in  Kiley's  reports  as  "the  Ransom  chip- 
trap  process."  The  earliest  recorded  mention  of  this  remedy  notM 
by  Kiley  is  in  Moore's  Rural  New  Yorker  for  January  28,  1865,  in  a 
communication  from  Mrs.,  H.  Wier,  of  Johnsonville,  N.  Y.  Kiley 
visited  Mr.  Ransom  at  Saint  Joseph  for  the  purpose  of  examining 
more  closely  into  thjs  Curculio  remedy  and  f ouna  that,  while  with 
unusual  perseverance  and  great  care  in  setting  his  traps  Mr.  Ransom 
captured  a  great  number  of  Curculios,  yet  at  the  same  time,  even 
under  his  trees,  a  number  of  stung  and  fallen  fruit  indicated  *'too 

?lainly  that  there  is  no  hope  of  extermination  by  the  chip  plan  alone." 
'ho  successful  use  of  this  remedy  is  governed  almost  entirely  by  the 
temperature.  So  long  as  the  nights  are  cool  a  certain  proportion  of 
the  beetles  will  find  their  way  under  the  traps,  but  as  the  nights  grow 
warmer  the  number  will  dwindle  greatly.  Under  this  head  we  may 
quote  a  little  table  prepared  by  Dr.  E.  S.  Hull,  of  Alton,  111.,  and 
showing  the  results  of  the  chip-trap  process  in  comparison  with  the 
jarring  method  to  be  treated  in  the  next  section,  the  "Curculio 
catcher"  invented  by  himself  being  used  for  the  jarring  :* 

When  we  arrived  at  home  from  our  Michigan  trip,  Curculios  had  been  at  work  in 
our  grounds  about  twenty-five  days.  We  were,  on  that  account,  at  least  that  num- 
ber of  (lays  too  late  to  fairly  test  the  value  of  Mr.  Ransom's  discovery  for  this  lati- 
tude. But  that  we  might  know  with  respect  to  its  merits  in  our  warmer  climate, 
as  a  moans  of  exterminating  or  capturing  such  Curculios  as  yet  remained  in  the 
orchard,  or  those  wliich  came  in  from  the  forest  or  surrounding  orchards,  we  at 
once  selected  five  of  our  largest  Nectarine  trees  in  fruit. 

*See  Trans.  El.  State  Hort.  Soc.,  1870,  pp.  228-229. 
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The  treefi  'wre  selected  were  those  most  exposed  to  insects  coming  in  from  other 
pdnts.  The  necessary  preparation  of  the  ground  was  made,  by  removing  all  rub- 
bsh  under  \^hich  the  insects  could  secrete  themselves,  and  by  perfectly  leveling 
and  smoothing  the  earth  under  the  trees,  and  especially  around  the  stem  of  the  trees, 
80  as  to  leave  no  limips  of  earth,  or  cracks,  or  crevices  imder  or  in  which  a  Curculio 
could  secrete  itself.  This  done,  we  surrounded  the  stem  or  trunk  of  each  tree  with 
oom-cobB,  pieces  of  bark,  etc.,  placing  these  so  the  edges  next  to  the  trees  should 
touch  the  trunks,  and  pressed  them  down  ^^tly  into  the  earth  so  as  to  leave  only 
small  openings  under  them  into  which  the  msects  could  enter. 

Now  for  results : 

May  99.  Curculioe  taken  under  trap 0 

28.  On  Curculio  catcher 63 

Bl.  Taken  under  traps 0 

81.  On  Curculio  catcher 88 

81.  Cloudy  and  rainy  a  little. 

81.  Under  traps.  Plum  Curculio 2 

81.  Under  traps,  Apple  Curculio 3 

31.  On  Curcufio  catcher , 41 

June  1.  Taken  under  traps,  Apple  Curculio 3 

1.  Plum  Curculios,  on  Cfurculio  catcher 58 

1.  On  two  corn-cobs,  laid  together  in  forks  of  tree , 1 

2.  Taken  under  traps,  Plum  Curculio , 1 

2.  Apple 4 

2.'  On  Curculio  catcher 109 

The  catcher  was  run  about  7o*clock  each  morning,  and  the  traps  were  examined 
at  5,  at  noon,  and  again  between  6  and  7  each  evening. 

Jarring, — Jarring  the  trees  to  catch  the  beetles  is  one  of  the  oldest 
direct  rem^ies  known.     It  is  founded  npon  the  habit  which  the 
beetles  have  when  alarmed,  of  folding  their  legs  ancj  dropping  from 
the  tree  as  if  dead.     In  the  article  by  Dr.  Tilton,  previously  rrferred 
to,  is  a  statement  of  the  manner  in  which  this  remedy  was  first  dis- 
covered, and  as  the  article  seems  to  have  bieen  unfamiliar  to  later 
writers  we  consider  it  woi-th  repeating.     *' Besides,  the.  Curculio  is 
very  timid,  and  when  frightened  by  tne  cattle  rubbing  against  the 
tree  or  otherwise,  their  manner  is  to  fold  themselves  up  in  a  little  ball 
and  fall  to  the  ground,  where  they  may  be  trampled  and  devoured 
by  the  stock,  poultry,  etc.    Col.  T.  Forest,  of  Germantown,  having 
a  fine  plum  tree  near  his  pump,  tied  a  rope  from  the  tree  to  his  pump 
handle,  so  that  the  tree  was  gently  agitated  every  time  there  was  oc- 
casion to  pump  water.     The  consequence  was  that  the  fruit  of  this 
tree  was  preserved  in  the  greatest  perfection."    This  indicates  that 
the  jarring  remedy  was  known  at  least  prior  to  1807,  and  it  has  con- 
tinued until  the  j)resent  time  to  be  one  of  the  best  remedies  known. 
In  1832  Mr.  David  Thomas  published  a  statement  in  the  Genesee 
Farmer  (Vol.  II,  pp.  155,  166,  June  7, 1832)  describing  the  capture 
of  Curculios  by  shaking  thd  trees  and  catching  them  on  sheets  kept 
exclusively  for  the  purpose  as  **  commonly  practiced."    Three  days 
afterwards  he  published  the  statement  that  jarring  the  tree  was 
the  more  efficacious.     In  the  Cultivator  for  August,  1851,  he  edves  in 
detail  his  method  of  procedure,  stating  that  he  had  adopted  the  plan 
of  striking  a  short  stump  of  the  sawed-ofF  limb  with  an  ax.     He  ad- 
^fies  that  the  striking  be  done  in  the  cool  of  the  morning.     Dr.  I. 
P.  Trimble,  in  his  ** Insect  Enemies  of  Fruit  and  Fruit  Trees,"  pub- 
lished in  1866,  gives  a  lengthy  account  of  his  experiences,  and  says 
tiiat  the  only  safe  and  effective  method  is  jarring.     He  used  a  large 
sheet  spread  open  by  a  large  stick  at  each  end  and  with  a  slit  of  half 
its  lengfch.     He  jarred  each  limb  separately  with  a  padded  mop-stock. 
Dr.  E.  S.  Hull,  of  Alton,  HI.,  in  1868  and  1869,  brought  the  jarring 
osethod  into  popular  notice  by  a  patented  device  for  jarring  the  trees 
tod  catching  the  beetles.    Tnis  was  a  great  hopper-like  canvas  ar- 
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ranged  on  a  long-handled  wheelbarrow.  The  canvas  was  slit  in  f  i-ont 
to  admit  the  body  of  the  tree,  and  the  hopper  had  a  heavy  piece  of 
timber  over  the  wheel,  which  was  to  butt  against  the  tree.  This  de- 
vice was  rude  but  rather  successful,  and  from  it  several  others  were 
developed,  the  most  successful  of  which  are,  pefliai)s,  the  ones  made 
by  S.  M.  Ward,  of  Benton  Harbor,  Mich.,  and  a  very  similar  one  by 
the  Brown  Brothers,  large  plum-growers,  near  Norwalk,  Ohio.  They 
differed  from  Dr.  Hull's  apparatus  in  being  mounted  upon  two  wheels. 
The  hopper  of  the  Brown  machine  is  of  canvas,  and  they  both  have 
boxes  at  the  bottom  into  which  the  Curculios  roll  when  they  are  jar- 
red down.  This  box  is  opened  and  closed  at  pleasure  by  a  lever,  and 
is  certainly  an  improvement  on  the  plan  of  mashing  the  beetles  after 

i'arring  each  tree,  as  the  box  can  be  removed  and  the  beetles  crushed 
)y  wholesale  when  necessary.  In  the  Ohio  Farmer  for  February  17, 
1875,  it  is  stated  that  one  man  jarred  1,400  trees  in  eight  hours  with 
the  Brown  machine,  and  that  three  men  jarred  2,0(X)  trees  twice  a 
day.  Mr.  Ward  used  a  mallet  for  striking  the  tree  and  the  Browns 
used  a  long  stick  with  a  crook  which  was  hooked  over  the  long  limbs 
and  quickly  jerked. 

The  addition  of  two  wheels  to  the  machine  was  undoubtedly  an 
improvement,  and  the  jarring  of  the  trees  with  a  mallet  or  crooked 
cane,  of  course,  can  be  more  successfully  done  than  with  a  bumping 
arrangement  upon  the  barrow. 

The  early  method  of  using  a  sheet  spread  upon  the  ground,  men- 
tioned by  Mr.  Thomas  in  1831,  is,  with  slight  modifications,  in  use 
to-dajr,  and  some  of  the  best  growers  desire  nothing  better  than  a 
muslin  canvas  carried  by  hand  and  a  mallet  to  jar  the  trees. 

The  simplest  possible  canvas  is  made  by  cutting  strips  of  ordinary 
heavy  muslin  8  or  10  feet  long  or  according  to  size  of  tree,  and  sew- 
ing together  four,  six,  or  more  widths  as  may  be  needed,  leaving  the 
central  seam  open  to  the  middle  of  the  canvas.  This  is  easily  drawn 
around  the  tree  and  answers  every  purpose.  It  will  stay  in  place 
better  if  a  light  rod  or  bar  is  fastened  along  two  sides.  But  the  form 
of  canvas  which  Mr.  J.  J.  Thomas  considers  best  suited  for  this  pur- 
pose is  a  piec^fef  heavy  id^slin  sufficiently  large  for  one  side  of  a 
tree,  along  the  longer  edges  of  which  are  fastened  light  rods,  and  at 
the  middle  a  cross-bar  a  little  shorter  than  the  width  of  the  muslin. 
This  permits  a  slight  sag  in  the  cloth  which  facilitates  capturing  the 
beetles  as  they  will  thus  roll  together.  This  is  carried  on  one  arm 
by  means  of  the  cross-bar  above  mentioned,  and  the  tree  is  jarred  by 
the  use  of  a  mallet  carried  in  the  other  hand.  With  this  canvas  but 
half  of  the  tree  is  jarred  at  a  time,  and  passing  up  the  other  side  of 
the  row  the  work  is  repeated. 

There  can  be  no  doubt  but  practical  use  has  demonstrated  that  tlie 
jarring  method  is  the  most  elective  way  yet  proposed  for  destroying 
these  insects.  As  to  the  form  of  apparatus  used,  it  is  simi)ly  a  ques- 
tion of  the  amount  of  work  to  be  performed  and  the  desires  of  the 
operator.  The  old-fashioned  method  of  jarring  onto  c;i  n vas  spread  on 
the  ground  is  quite  objectionable  because  it  is  slower,  and  the  canvas 
soon  becomes  wet  and  soiled  if  the  ground  is  damp,  which  it  very 
often  is.  For  rapid  work  with  two  men,  we  could  suggest  no  better 
cheap  apparatus  than  two  frames  such  as  Mr.  Thomas  uses,  and  then 
have  the  two  men  take  opposite  sides  of  a  row  and  jar  both  sides 
simultaneously.  We  think  that  the  results  would  be  better  iu  this 
way  than  where  one  side  is  jarred  at  a  time,  as  by  the  latter  method 
doubtless  sonie  must  escape. 
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A  very  great  improvement  on  this  canvas  would  be  some  conven- 
ient poctet  or  receptacle  at  the  center,  holding  several  quarts,  into 
whicn  the  beetles  could  be  brushed  and  confined  until  a  large  num- 
ber had  been  caught ;  then  all  could  be  crushed  on  some  hard, 
smooth  surface,  with  a  saving  of  time  and  in  a  manner  more  pleasant 
than  the  use  of  thumb  and  finger. 

Jarring  with  a  mallet  is  a  venr  successful  method  of  bringing  down 
the  beetles  if  properly  done.  The  two  methods  most  common  are  to 
saw  off  a  limb  (or  two  limbs  if  the  tree  is  large)  at  convenient 
points  for  striking  with  a  mallet,  or  to  insert  a  small  iron  pin,  three- 
eighths  to  one-half  an  inch  in  diameter,  into  the  body  up  near  the 
Umbs  or  into  a  couple  of  the  larger  limbs  where  the  trees  are  large. 
These  should  be  about  3  inches  long  and  inserted  half  their  length. 
If  a  limb  is  sawed  off  it  should  be  cut  about  1^  or  2  inches  from  the 
body,  and  the  edges  jarred  off  so  as  to  leave  a  conical  surface  to  strike 
upon.  Either  of  these  methods  can  be  employed  with  little  or  no  in- 
jury to  the  tree.  The  time  of  jarring  is  a  matter  of  some  impor- 
tance,  though  in  large  orchards  it  is  fometimes  carried  on  all  Ly. 
We  believe  that  where  orchards  can  be  gone  over  in  an  hour  or  so  it 
should  be  done  both  morning  and  evening. 

It  is  quite  uncertain  whether  more  Curculios  will  be  caught  at  one 
time  or  another,  but  at  these  times  they  will  lie  more  quietly  on  the 
canvas  than  in  the  middle  of  the  day  and  jarring  but  once  a  day  cer- 
tainly gives  the  beetles  a  pretty  good  chance  to  oviposit  in  a  large 
percentage  of  the  fruit. 

The  destruction  of  the  larvsB  in  fallen  fruit  before  they  have  escaped 
into  the  gjround  is  a  most  imuortant  part  of  any  rational  system  of 
dealing  with  this  pest  and  can  oest  be  done  by  gathering  and  feeding  all 
fallen  fruit  to  the  hogs,  or  better  still,  allowing  them  to  gather  it 
themselves,  where  this  can  be  done  without  injury  to  other  crops. 
The  larvea  usually  have  not  escaped  from  the  cherries  when  they  are 
gathered  (these  seldom  ever  fall  when  infested),  but  plums  and  apples 
will  in  the  majority  of  cases  fall  before  the  larvsB  have  escaped,  we 
have  before  mentioned  the  fondness  whiph  poultry  have  for  the  Cur- 
culio  in  all  its  stages,  and  it  should  be  h^ve  again  stated  that  experi- 
ence has  shown  that  where  plum  trees  grow  in  a  poultry  yard,  or 
where  the  plum  orchard  can  be  inclosed  by  a  picket  fence  and  poul- 
try be  allowed  to  run  loose,  the  crop  of^fruit  will  almost  invariably 
be  a  good  one.  Mr.  P.  B.  FoUansbee,  of  Andover,  Mass.,  is  said  to 
have  tiie  largest  nursery  in  that  vicinitjr,  and  to  have  always  a  crop 
of  perfect  plums,  through  following  this  method.  Other  correspond- 
ents indorse  this  plan,  and  we  notice  a  particularly  enthusiastic 
indorsement  of  it  from  Adams  Rockwood!,  of  Worcester  County, 
Mass.,  in  Farm  and  Home  for  September  1,  1887. 

Spraying  with  arsenical  Mixtures. — Testimony  as  to  the  efficacv 
of  tnis  remedy  is  variable,  but  theoretically  it  is  a  sound  one,  and  such 
experiments  as  have  been  made  indicate  that  it  will  pay  to  spray 
trees  for  this  purpose.  It  is  difficult  to  properly  credit  the  first  su^- 
g^ion  of  this  remedy,  but  it  is  certainly  not  so  recent  an  idea  as  is 
generally  supposed.  In  1871  it  was  recommended  bv  Mr.  G.  M. 
Smith,  of  Berlin,  Wis.,  to  the  Saint  Joseph  (Mich.)  Horticultural 
Society,  and  from  that  time  on  has  been  occasionally  suggested  in 
newspapers.  Both  entomologists  and  the  more  prominent  horticult- 
urists, however,  were  for  a  long  time  inclined  to  discredit  its  efficacy. 
Mr.  J.  Luther  Bowers,  of  Hemdon,  Va,,  informs  us  in  conversation 
that  in  the  summer  of  1880,  while  he  was  living  in  Clarke  County, 
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Va.,  he  sprayed  his 'plum  trees  with  Paris  green  in  the  proportion  of 
1  tablespoonf 111  of  the  green  to  5  gallons  of  water,  using  for  the 
spraying  a  Whitman  fountain  pump.  He  sprayed  soon  after  the 
petals  fell  and  a^ain  in  a  week  or  ten  days.  The  result  was  the  most 
perfect  crop  of  plums  he  had  ever  grown.  He  removed  to  California 
at  the  close  of  tne  season  but  did  not  repeat  his  experiment,  and  for 
that  reason  the  remedy  did  not  gain  circulation  at  that  time;  From 
1884  on  the  use  of  araenicals  for  the  Curculio  assumed  a  more  impor- 
tant aspect.  Mr.  William  Creed,  of  Rochester,  in  the  August  (1884) 
number  of  Purdy's  Fruit  Recorder,  gave  in  general  the  results  of  a 
favorable  experience  with  Paris  green  against  this  insect,  and  in  the 
November  (1886)  issue  of  the  same  journal  recorded  the  complete  suc- 
cess of  the  remedy.  Riley,  in  an  address  delivered  before  the  Missis- 
sippi Valley  Horticultural  Society,  in  the  early  spring  of  1885,  at  New 
Orleans,  in  giving  his  experience  as  to  the  feeding  habits  of  the  beetle, 
urged  experimentation  with  the  arsenicals  in  this  direction  as  pjomis- 
ing  fair  results,  though  in  the  very  nature  of  the  case  not  as  satis- 
factory as  in  the  case  of  the  Codling  Moth,  During  the  summer  of 
the  same  year  Professor  Forbes  began  a  series  of  experiments  in 
Illinois.  In  the  article  upon  the  Codling  Moth,  published  in  our  an- 
nual report  for  1887,  Mr.  Howard  has  given  in  full  Professor  Forbes's 
table  in  which  the  effects  of  Paris  green  and  London  purple  upon  the 
Plum  and  Apple  Curculios  are  given  in  connection  with  their  effect 
upon  the  Codling  Moth.  It  must  be  remembered,  however,  that  his 
experiments  were  made  entirely  upon  apples.  He  shows  that  after 
spraying  with  Paris  green  in  the  proportions  indicated  in  the  other 
article,  37.3  per  cent,  of  the  poisoned  lot  had  been  infested  by  the 
Curculios,  and  51.3  per  cent,  of  those  not  sprayed.  With  London 
purple  his  experiments  show  that  39  per  cent,  oi  the  sprayed  apples 
contained  Curculios  and  48  per  cent  of  those  unsprayed.  His  con- 
clusion is :  "If  we  must  judge  from  results  thus  lar  reached,  these 
various  applications  are  of  too  slight  effect  upon  the  Apj)leand  Plum 
Curculios  to  make  them  worthy  of  use  against  these  insects,  Paris 
green  diminishing  Curculio  blemishes  less  than  one-half,  London 
purple  about  one-hfth,  and  lime  not  far  from  one-fourth.'* 

We  imdertook  some  experiments  through  Mr.  Alwood  during  the 
season  of  1887.  They  were  not  begun  until  after  the  Curculios  had 
begun  to  work.  The  following  extracts  from  his  notes  will  indicate 
the  results: 

Paris  Oreen  Spray. — Soon  after  the  beetles  appeared  I  beoame  fully  convinced  that 
they  ate  a  consiaerable  amount  of  food  and  decided  to  try  poiBonix^  them.  Three 
trees  of  green  Gage  variety  were  treated  May  13th  and  17tn  with  Paris  green  at  a 
rate  of  1  pound  to  50  gallons  of  water  in  very  fine  spray. 

Some  blue  damsons  were  being  used  for  other  experiments,  but  I  regretted,  after 
seeing  the  results  on  the  gages,  tnat  I  did  not  treat  some  of  the  damsons  with  poison. 
Frequent  observations  showed  that  the  fruit  on  the  treated  trees  was  not  being  stung 
so  bfu^y  as  ^e  others.  Much  of  the  time  a  beetle  could  scarcely  be  f  oimd  on  them. 
The  first  spraying  did  not  seem  to  inmre  the  foliage,  but  shortly  after  second  treat- 
ment it  showed  decided  iniury.  I  think  this  is  accounted  for  by  the  cumulative 
effects  of  the  poison.  Both  tunes  the  treatment  was  thorough,  and  coming  so  close 
together,  was  almost  like  a  doublenstrength  application.  The  foliage  was  badlr 
burned  and  fully  50  per  cent,  fell  off.  The  trees  were  set  very  full  of  fruit  and  much 
Of  this  withered  and  fell.  However,  fully  one-half  of  a  crop  was  matured.  There 
was  one  other  tree  in  the  orchard  of  this  variety,  and  it  matured  more  fruit  than 
the  other  varieties,  but  not  one-half  as  much  as  those  which  had  been  so  thoroughly 
treated  with  poison.  Tliis  tree  was  set  in  spring,  as  full  as  they  were.  It  seems 
possible  from  this  note  that  the  gages  are  not  so  much  injured  by  Curculio  as  other 
varieties.  However,  this  is  not  at  all  certain.  I  am  confident  the  curculios  eat 
enough  to  make  it  possible  to  poison  some  of  them,  but  the  benefit  to  be  derived 
from  such  is  as  yet  unsettled. 
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Trfatinent  with  Paris  Green  under  Glass, — ilay  28,  placed  twenty  beetles  on  a 
branch  of  pluui  tree  iindor  bell  j^lass,  and  sprayed  thoroughly  with  Paris  green,  1 
pound  to  50  gallons  water.  Two  hours  later  several  had  fallen  off  and  lay  on  their 
backs  at  bottouiof  glass.  Eighteen  hours,  fourteen  out  •t  twenty  are  dead  and  all 
disabled.     Thirty  hours,  three  yet  alive. 

May  25,  put  two  lots  gf  Curculios  under  glass  as  before,  one  treated,  the  other  not. 
After  twelve  hours  seven  dead  of  lot  treated,  five  alive.  Otlior  lot  all  right,  all  eat- 
ing and  ovipositing.  Twenty-four  hours,  all  dead  in  lot  treated,  have  scarcely  eaten 
at  all.     Others  alive  and  liave  cut  and  scarred  tlie  fruit  bcully. 

On  May  25  I  noticed  a  number  of  beetles  feeding  on  tender  water  sprouts  gr^ing 
around  Iwise  of  trunk  of  tre^js.  They  would  gnaw  along  the  side  of  a  sprout  f«*  the 
distance  of  one-lialf  to  1  inch.  Many  sprouts  bent  over  from  being  thus  weakened. 
This  was  noticed  until  CurcuUos  disappeared.  The  young  fruit  had  become  so  tough 
they  seemed  to  prefer  the  twigs.  Soon  after  the  beetles  appeared  on  the  plum  or- 
chard they  w^ere  also  found  in  cherry  orchard  in  great  nunabers,  ovipositing  rapidly. 
On  May  17  two  rows,  seventeen  trees  each,  were  treated,  the  first  with  Paris  green,  1 
pound  to  50  gallons  water,  and  the  second  with  standard  kerosene  emulsion  diluted 
fifteen  times.  The  row  treated  with  Paris  green  seemed  to  be  much  freer  from  in- 
jury than  those  untreated.  I  intended  to  count  the  product  of  whole  trees,  thus 
getting  at  some  facts  in  the  case,  but  at  picking  time  I  found  it  impossible  to  deter- 
mine accurately  all  infested  ones  without  opening  tliem.  This  I  undertook  to  do 
with  three  trees  only,  one  from  each  treatment  and  one  check  tree,  but  the  labor 
necessary  to  do  this  was  so  great  that  I  could  not  accomplish  it  before  the  fruit 
would  spoil,  and  was  compelled  to  give  it  up  after  counting  several  thousand  cherries. 
So  far  as  counted  tlie  tree  treated  with  Paris  green  showed  not  quite  16  per  cent,  in- 
jured— an  untreated  tree  18  per  cent. 

In  December,  1887,  we  received  from  Professor  Cook  the  following 
statement,  which  is  printed  in  the  Department  reports  of  the  Michi- 
gan Agricultural  College  : 

Paris  green  in  the  proportion  of  1  tablespoonful  to  6  gallons  of  water  was  very 
thoroughly  sprayed  upon  four  plum  trees  May  18.  The  petals  had  all  fallen,  but 
the  dried  calyxes  still  clung  to  the  fruit.  On  August  20  the  trees  were  visited, 
when  it  was  found  that  the  t\vo  treated  trees  of  the  Wild  Gk)ose  variety  had  dropixHi 
all  their  fruit,  as  had  the  untreated  trees  of  the  same  kind.  Another  treated  tree  of 
a  yellow  variety  was  loaded  with  plums,  of  wliich  only  15  jxjr  cent,  were  stung,  and 
those  not  badly.  Tlie  fourth  tree  treated  was  a  purple  variety,  and  liad  not  less  than 
75  per  cent,  of  its  fruit  badly  stung. 

This  experiment  was  worthless,  as  there  is  no  record  of  check  trees 
of  the  same  variety,  although  the  experiment  upon  the  yellow  va- 
riety looks  well.  ^  j^ 

In  Bulletin  No.  4  (second  series),  Ohio  Agricultural  Experiment 
Station,  Columbus,  July,  1888,  Mr.  C.  M.  Weed  records  certain  ex- 
periments upon  Cherry  which  seem  to  have  been  made  with  sufficient 
care  and  from  which  results  of  decided  value  were  obtained.  His 
summary  shows  that  on  eight  sprayed  trees  280  infested  cherries 
were  found  out  of  8, 000  counted,  while  on  seven  check  trees  ^unspray ed) 
1,086  infested  cherries  were  found  out  of  7,500  counted,  giving  a  per- 
centage of  benefit  resulting  from  the  spraying  of  75.8.  In  other 
words,  75.8  per  cent,  of  the  fruit  on  the  sprayed  trees  which  was 
liable  to  Curculio  damage  was  saved  by  the  treatment  with  the  poison. 
The  poison  used  was  London  purple,  one-half  pound  to  50  gallons  of 
water,  and  was  applied  with  a  Kixon  barrel  machine  and  Climax 
nozzle.  The  trees  were  thoroughly  wet  at  each  application,  and  no 
injury  to  the  foliage  was  done  except  in  the  case  of  two  trees  on  which 
the  liquid  was  forced  in  a  solid  stream.  We  reproduce  Mr.  Weed's 
summary  and  conclusions : 

■ 

(1)  These  experiments  were  undertaken  to  learn  what  effect  the  application  of 
Lcndon  purple  and  lime  to  cherries,  soon  after  the  fruit  forms,  would  have  in  prevent- 
ing the  mjurioa  of  the  Plum  Curculio,  or  in  other  words,  in  lessening  the  numlx)r 
Of  wormy  cherries. 

(3)  For  the  carrying  on  of  the  experiment  a  half -acre  orchard  of  bearing  trees 
was  set  aside,  and  a  part  of  it  treated  while  the  rest  was  left  as  a  check. 
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(3)  London  purple  was  applied  in  a  water  spray,  mixed  in  the  proportion  of  one- 
half  pound  to  50  gallons  water. 

(4)  Lime  was  applied  in  a  water  spray,  mixed  in  the  proportion  of  4  quarts  to  50 
gallons,  until  the  leaves  were  whitened. 

(5)  The  cherries  were  critically  examined  when  nearly  ripe,  and  the  exact  num- 
ber of  specimens  injured  by  the  CurcuUo  recorded.  In  this  way  22,500  cherries  were 
individually  cut  open  and  recorded. 

(6)  From  eight  trees  sprayed  thrice  with  London  purple  8,000  cherries  were  ex- 
amined, of  which  280,  or  3.5  per  cent.,  were  ^Ntormy,  while  from  seven  companion 
treegj^not  treated  7,500  were  examined,  of  which  1,086,  or  14.5  per  cent. ,  were  wormy. 
This  represents  a  saving  of  H»  or  75.8  per  cent,  of  the  fruit  liable  to  injury. 

(7)  From  two  trees  sprayed  four  times  with  London  purple  2,000  cherries  were 
examined,  of  which  69,  or  3.45  per  cent. ,  were  wormy. 

(8)  Two  quarts  of  cherries  from  each  of  these  lots  were  chemically  examined  at 
the  time  of  ripening  by  Prof.  H.  A.  Weber  and  showed  no  trace  of  arsenic  in  any 
form. 

(9)  Five  trees  sprayed  four  times  with  lime  jrielded  465  wormy  cherries  out  of  5,000 
examined,  while  five  check  trees  jrielded  778  wormy  cherries  from  5,000  examined. 
The  percentage  of  the  former  was  9.3  while  that  of  the  latter  was  15.6,  which  gives 
a  percentage  of  benefit  from  the  treatment  of  40.3. 

These  experiments  seem  to  me  to  show,  so  far  the  results  of  a  single  season's  work 
with  a  single  variety  of  cherry  can  be  relied  upon  : 

(1)  That  three-fourths  of  the  cherries  liable  to  injury  by  the  Plum  Orculio  can 
be  saved  by  two  or  three  appUcations  of  London  purple  in  a  water  spray  a  the  pro- 
portion 1  ounce  to  5  gallons  water)  made  soon  after  tne  blossoms  fall. 

(2)  That  if  an  interval  of  a  month  occurs  between  the  last  applicat'  )n  and  the 
ripening  of  the  fruit,  no  danger  to  health  need  be  apprehended  from  its  ise.  As  a 
precautionary  measure,  however,  I  would  advise  in  all  cases,  and  especially  when 
there  are  few  rains  during  this  interval,  that  the  fruit  be  thoroughly  washed  before 
it  is  used. 

(3)  That  lime  is  not  so  certain  in  its  preventive  effect  as  London  purple,  saving  in 
these  experiments  only  40  per  cent,  of  the  fruit  liable  to  injury. 

Some  careful  experiments  were  made  for  us  upon  plums  by  Prof. 
Herbert  Osbom,  our  Iowa  agent,  during  the  past  season.  He  has 
transmitted  a  report  of  the  results,  from  which  we  quote : 

The  trees  obtained  for  the  purpose,  and  which  were  the  most  available  in  loca- 
tion and  surroundings  of  any  in  the  vicinity,  were  located  in  a  small  orchard  of  cher- 
ries, plums,  etc.,  on  the  college  grounds.  They  were  distributed  in  three  rows,  but 
for  the  purpose  of  the  experiment  were  numbered  consecutively  for  each  variety,  as 
follows :  DeSoto,  five  trees ;  Wolf,  three  trees  ;  Maquoketa,  three  trees ;  Speer,  four 
trees,  and  Rollingstone,  six  tre^;  in  all,  twenty-one  trees,  of  which  eleven  were 
sprayed  and  ten  left  as  checks.  They  were  so  situated  that  they  had  apparently 
aix)ut  equal  exposure  to  attack,  though  some,  near  the  ends  of  rows,  mignt  have 
been  subject  to  the  first  visits  of  the  insects,  and  central  ones  possibly  less  exposed. 

The  trees  were  moderately  small  or  medium  in  size,  all  yoimg,  and  have  b«en  in 
bearing  but  a  very  few  years.  The  De  Soto  were  all  small,  7  or  9  feet  in  height, 
nearly  equal  in  size,  1,  2,  and  3  almost  of  same  size,  4  slightly  smaller,  and  5  small- 
est. All  were  set  very  full,  and  all  produced,  for  their  size,  very  heavy  crops  of 
fruit.  The  Wolf  trees  were  larger,  1  and  2  quite  good-sized  trees,  3  smaller  ;  all 
set  very  full,  and  more  plums  ripened  than  the  trees  could  well  support.  The  Ma- 
quoketa trees  were  all  large,  of  nearly  equal  size,  3  smallest ;  all  set  very  light  and 
maturing  but  very  few  plums.  The  Speer  trees  were  about  equal  in  size,  but  set 
scarcely  any  plums,  ana  after  the  first  gathering  of  some  half  dozen  plums  none 
were  taken  under  these  trees,  and  it  has  seemed  best  to  omit  them  entirely  from  the 
record.  The  Rollingstone  trees  were  of  medium  size,  about  10  to  12  feet  hieh,  with 
heavy  tops,  and  blossomed  very  full,  but  set  only  a  very  few  plums,  nearly  all  of 
whicn  fell  before  maturity. 

The  spraying  was  done  with  London  purple,  after  the  formula  recommended  in 
your  instructions,  namely,  one-half  poimd  purple  to  100  gallons  of  water,  with  the 
addition  of  a  small  amoimt  of  soapsuds,  itie  Cyclone  nozzle  was  used,  and  each 
tree  was  sprayed  so  as  to  cover  every  part  as  thoroughly  as  possible,  the  spraying 
being  contmued  till  the  leaves  began  to  drip.  The  first  spraying  was  on  June  1, 
when  the  plums  were  of  the  size  of  small  peas,  most  of  them  still  retaining^  the 
withered  cal^x,  and  before  any  signs  of  injury  from  CurculioB  had  been  noticed. 
No  heavy  rams  followed  this  spraying  for  a  number  of  days ;  as  there  was  a  pros- 
pect of  rain  about  eight  days  from  first  spraying,  the  second  [graying  was  deferred 
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tiU  the  lltlr,  w^hen  the  trees  were  given  a  second  application,  the  proportions  of 
poison  and  the  method  of  spraying  being  the  same  as  for  the  first. 

The  first  indications  of  Curculios  were  noted  June  4,  when  a  very  few  plums  were 
een  with  the  characteristic  punctures  of  the  insect,  one  only  bearing  tne  crescent 
mark.  On  the  5fch  several  plums  were  found  gouged,  but  no  Curculios  as  yet  to 
be  found.  On  the  6th  i  obtained  one  Curculio  (Conotrachelus  nenupJmr)  and  one 
Gou^er  (Antlumomus  scutellaris,  Lee.)  by  jarring  a  tree  not  sprayed.  The  CurcuUo 
was  mclosed  in  a  jar  with  a  twig  of  plums  from  a  sprayed  tree  and  the  following 
day  had  punctured  and  marked  one  of  the  plums,  but  no  eggs  were  to  be  found. 
On  the  8th  the  puncturing  had  been  continued  and  one  egg  was  found.  The  Cur- 
calio  was  still  active,  and  during  the  afternoon  was  transferred  to  a  jar  with  a  twig 
from  a  tree  not  sprayed.  On  the  9th  it  had  continued  pimcturing  plums  and  was 
still  active  and  continued  so  for  some  days,  making  a  number  of  crescent  marks  and 
punctures,  but  no  more'eggs  were  found.  On  the  14th  it  was  given  another  sprayed 
twig  and  kept  upon  it  for  two  or  three  days,  but  it  lived  afterward  till  the  21st. 
Another  Curculio  was  captured  (June  12)  on  a  spraved  tree  eating  the  surface  of  a 
phim,  and  was  confined  upon  unsprayed  pliuns.  Itfremained  active  till  the  28d  of 
June.  A  Gouger  collectea  June  12  from  tree  not  sprayed  was  confined  on  sprayed 
phims.  After  it  had  made  numerous  pimctures  in  these  plums  it  was  kept  on  plums 
not  sprayed  and  hved  till  June  26.  Ajiother  Gouger,  collected  June  14  on  trees  not 
qxraved,  was  kept  for  a  time  on  sprayed  plums,  afterward  on  plums  not  poisoned,  and 
lived  many  days  longer  than  the  others,  but  was  dead  on  my  return  from  a  short 
absence  in  the  early  part  of  July. 

While  these  observations  are  not  very  positive  they  show,  if  anything,  that  the 
insects  are  able  to  continue  their  work  for  some  days  after  having  fed  upon  poisoned 
fruit.  It  is,  of  course,  difficult  to  tell  at  what  time  they  have  secured  a  sufficient 
amount  of  poison  to  prove  fatal.  The  Grougers  will  evidently  procure  lees  of  the  sur- 
face of  the  plum,where  the  poison  rests,  than  the  Curculio,  especially  when  the  latter 
is  gouging  out  the  crescent  marks. 

But  few  examples  were  found  to  experiment  with  in  tliis  direction,  as  Curculios 
were  at  all  times  scarce,  and  to  have  shaken  the  trees  to  obtain  specimens  would 
manifestly  have  vitiated  the  results  of  comparison  to  determine  the  effictu^  of  the 
spraying.  Punctures  upon  the  plums  were  very  few  up  till  the  15th  to  20th,  after 
TOich  mey  were  for  a  tune  more  noticeable. 

As  soon  as  plums  began  to  fall  after  the  Curculios  had  commenced  their  work  I 
sathered  them  every  few  days,  opened  and  examined  each  plum,  recorded  the  num- 
ber fallen  under  each  tree,  the  number  punctiured,  and  the  number  containing 
larvae  or  positive  evidence  of  the  growth  of  a  larva.  For  the  specimens  gathered 
in  early  August,  however,  it  was  impossible  in  many  of  the  plums  to  distinguish 
mere  punctures  of  Curculios  from  otner  injuries,  since  a  large  proportion  of  these 
were  attacked  by  a  rot  which  obUterated  such  evidence,  though  it  did  not  prevent 
direction  of  larvae  or  their  work.  The  record  for.  fruit  simply  punctured,  out  not 
containing  larvae,  is  therefore  given  for  only  the  fcUlen  fruit  previous  to  August  1, 
and  for  the  ripened  fruit  collected  in  early  September,  and  is  stated  simplv  in  per- 
centages. All  possible  care  was  taken  in  collecting  and  examing  the  plums,  all 
being  gathered,  opened,  and  examined  by  myself,  and  the  record  I  beheve  to  be  as 
nearly  free  from  source  of  error  as  possible  in  a  field  experiment.  Of  the  ripened 
fruit  on  the  DeSoto  and  Wolf  trees,  all  the  fruit  on  certain  branches  was  examined, 
tmesenting  for  the  DeSoto  about  half  of  all  on  the  tree  at  the  time,  and  for  the 

Wolf  about  one-third  of  all. 

*  I  have  given,  in  the  following  tables,  the  record  for  each  tree,  giving  number  of 
phims  from  each  tree,  number  of  larvae,  per  cent,  infested  witii  larvae,  and  also  the 
per  cent,  of  plums  from  each  tree  examined  that  were  punctured  or  gouged  by  Cur- 
culio or  Gouger. 
BeSoto  plum,  five  trees,  2,638  plums  examined. 
Trees  numbered  1,  2,  8,  4,  and  5.     1,8,  and  5  sprayed ;  2  and  4  left  as  checks. 


Plums  examined. 


Before  ripe 

Ripe,  or  nearly  so.. 

Whole  number 

Before  ripe 

Bipe,  or  nearly  so  . 

Whole  number 


No. 

Ck>ntained 
larvae. 

Per  cent, 
infested. 

Percent, 
stung. 

820 
164 

22 
11 

6.87 
6.71 

26.11 
48.24 

484 

83 

6.86 

83.15 

811 
150 

86 
10 

11.66 
6.66 

87.30 
68.95 

461 

46 

9.98 

44.88 
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Tree  No. 

Fltinui  examined. 

No. 

Contained 
larv89. 

Per  cent, 
infested. 

Percent, 
stung. 

8 

Before  riDe 

881 
119 

19 
17 

6.15 
14.28 

18.91 

Ripe,  or  nearly  so 

53.06 

Wh<de  number 

410 

82 

7.80 

30  74 

V 

Before  ripe 

4 

506 
279 

28 
25 

6.51 
8.96 

26.57 

Ripe,  or  nearly  BO 

77.44 

Whole  number 

787 

58 

6.73 

46.50 

Before  ripe 

5 

298 
277 

9 
9 

8.02 
8.25 

26.60 

Ripe,  or  neaiiy  so 

63.07 

1, 8,  and  5 

Whole  number 

1,675 

18 

8.18 

47.48 

B^ore  ripe 1 

909 
581 

46 
87 

6.05 
6.86 

28.98 

Ripe,  or  neariy  ao 

5.44 

Whole  niunber 

1,480 

88 

6.57 

88.66 

Before  ripe 

18  SDdi.. 

819 
439 

64 
85 

7.81 
8.18 

30  88 

Bipe^  or  nearly  ao 

68.71 

Whole  number 

1,248 

99 

7.98 

46.71 

There  is  here  a  percseptible  result  in  favor  of  the  sprayed  trees,  showing  in  both 
the  amount  of  damage  oy  puncturing,  and  in  the  number  infested  with  larvaB  ;  in 
the  latter  case,  the  sprayea  trees  showing  80  per  cent,  less  of  larvse  than  the  checks. 

Wolf  plum,  three  trees,  4,062  plums  examined. 

Trees  numbered  1, 1^,  and  8.    1  and  3  sprayed,  3  left  aa  check. 


IVeeNo. 


8. 


land  8... 


Pliuna  examined. 


Bef(Nre  rtpe 

Ripe,  or  nearly  so 

Whole  number 

Before  ripe 

Ripe,  or  nearly  so 

Whole  number 

Before  ripe ^ ; , . . 

Ripe,  or  nearly  so 

Whole  number 

Before  ripe 

Ripe,  or  nearly  so ^ 

Whole  number 


No. 


1,810 
801 


1,611 


1,177 
228 

1,406 


686 
860 


1,046 


1,906 
661 


2,657 


Contained 
larvae. 


68 
11 


79 


105 

10 


115 


27 
6 


as 


95 
17 


112 


Percent, 
infested. 


Percent, 
stung. 


5.19 
8.65 


4.90 


8.97 
4.88 


8.18 


8.98 

1.77 


8.15 


4.76 
2.57 


4.21 


84.28 
17.96 


80. 8S 


86.11 
22.61 


88.88 


8B.29 

14.66 


91.78 


80.97 
16.90 


97.16 


In  this  case  the  effect  of  spraying  is  much  more  perceptible  in  the  less  number  of 
larvsd  than  in  the  reduction  of  punctures,  for  while  nearly  as  many  plums  were 
stung  on  sprayed  as  imsprayed  trees,  only  a  little  more  tlian  half  as  manv  were  found 
to  contain  larvae,  the  spraying  preventing  48.55  per  cent,  of  the  oamage  that 
would  have  been  expected  on  the  trees  sprayed  if  attacked  in  same  proportion  as  the 
check. 

Maquoketa  plum,  three  trees,  164  plums  examined. 

Trees  numbered  i,  2,  and  3.    No.  2  sprayed,  1  and  8  left  as  checks. 


Tree  No. 

Plums  examined. 

No. 

Contained 
larve. 

Percent, 
infested. 

Per  cent, 
stung. 

1 

Before  ripe . . 

54 

41 

69 

128 

16 
20 
88 
48 

27.77 
^.97 
47.97 
89.02 

76.81 

2 

90.82 

8    .   . 

98.76 

1  and  ^. 

86.04 
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The  result  here  is  favorable  to  tlie  checks,  which  miist  of  course  be  accidental.    The 
number  of  plums  examined  was  too  few  to  make  the  results  in  any  case  of  much 

v&liie 
Roliingstone  plum,  six  trees,  103  plums  examined.  • 

Trees  numbered  1,  2,  3»  4,  5,  and  6.    Nob.  1,  8,  and  5  spra^red  ;  Noe.  2,  4»  and  6 

checks. 


Tret'So. 


PluoM  examined. 


,S,and5 
t,4,ftnd6 


■ 

No. 

Contained 

Percent. 

Peroent. 

larvK. 

infested. 
86 

stun^. 

4 

1 

60 

6 

8 

60 

80 

9 

6 

67 

83.88 

9 

6 

67 

100 

87 

80 

64 

88 

89 

SS 

69 

60. 87 

^    60 

97 

64 

89.86 

'    68 

88 

60 

67.74 

These  show  a  greater  amount  of  puncturing  but  a  less  nulnber  of  larvsB  for  the 
nuraved  trees,  and  are  thus  in  a  slight  degree  favorable  to  the  sprayine  as  destruc- 
tive 1o  the  Curculio,  but  the  number  of  plums  examined  is  too  small  to  give  the 
record  much  if  any  value,  and  both  this  and  the  preceding  table  are  given  rather 
as  showing  the  extent  to  wliich  larvas  develop  in  these  varieties  than  as  furnishing 
positive  evidence  either  for  or  against  the  efficacy  of  spraying. 

GcHnbiniug  the  entire  count  of  all  varieties,  and  we  nave  for  the  sprayed  trees  a 
final  of  32.48  per  cent,  punctured  or  stung,  and  5.71  per  cent,  containing  larvae, 
against  a  final  of  41.86  per  cent,  stung  and  10.30  per  cent,  containing  larvae  for  the 
meek  trees. 

The  proportion  of  plums  injured  in  this  orchard  was  evidently  so  smcJl  that  there 
would  he  no  profit  in  spraying,  though  it  can  not  be  said  but  that  CurcuHos  were 
killed  on  the  poisoned  trees  that  otherwise  would  have  laid  eggs  upon  both  sprayed 
and  check  trees  and  thus  have  produced  great  damage.  It  is  possible,  also,  that  a 
stronger  solution  of  London  purple  would  have  produced  more  decided  results. 
The  foliage  was  not  injured  in  the  least,  and  I  think  a  solution  one-half  stronger 
mi^t  have  been  used,  at  least  for  the  second  spraying,  without  injury.  It  might 
also  be  worth  while  to  spray  three  times,  at  intervals  of  six  da  vs. 

Hekbert  Osborn. 

Mr.  Edwin  Yenowine,  of  Edwardsville,  Ind.,  reported  to  our  agent, 
Mr.  Webster,  the  result  of  spraying  his  plum  trees  with  Paris  green 
in  the  proportion  of  half  a  pound  of  the  green  to  a  barrel  of  water 
last  season.  He  had  the  most  perfect  success,  but  gives  few  details. 
One  Wild  Goose  tree  standing  m  his  yard  on  grass  was  treated  and 
the  fruit  was  perfect.  Two  others  of  the  same  variety  standing  in  a 
chicken-yard  were  not  sprayed  and  the  fruit  was  "all  stung."  Two 
other  trees  resembling  the  Blue  Gage,  which  stood  in  his  yard  and 
the  fruit  of  which  had  always  before  been  stung,  were  sprayed  with 
the  Paris  green  mixture  and  bore  a  heavy  crop. 

We  learn  from  the  Prairie  Farmer  of  August  11, 1888,  that  Profes- 
sor Forbes  has  been  experimenting  further  in  this  direction  during 
the  past  season  on  Peacn,  Plum,  and  Cherry,  and  that  he  has  found 
it  practicable  to  destroy  the  Curculios  with  1  pound  of  London  pur- 
ple to  100  gallons  of  water.  One  to  50  injured  the  foliage  and  1  to 
W  did  not  kill  the  Curculio.  The  details  of  his  experiments  are  not 
yet  published  so  far  as  we  are  aware,  but  he  doubtless  has  the  best 
grounds  upon  which  to  base  so  broad  a  statement. 

The  testimony  which  we  have  so  far  given  is  all  favorable  in  a 
peater  or  less  degree  to  the  use  of  the  arsenical  sprays  against  the 
Cwjculio.  The  remedy  has  had  to  make  its  way  to  popular  favor 
fgamst  great  odds,  and  so  many  persons  have  taken  part  in  placing 
it  before  the  public  that  it  is  useless  to  attempt  to  give  any  one  indi- 
vidual particular  credit.  The  successful  use  of  arsenical  mixtures 
against  the  Canker  Worm  and  the  Codling  Moth  has  done  away  with 
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a  great  part  of  whatever  fear  of  the  poisonous  nature  of  these  sub- 
stances existed,  and  the  objectors  to  its  use  have  been  for  the  most 
part  tho§fe  who  were  more  or  less  familiar  with  the  habits  of  the  in- 
sect and  who  decried  the  use  of  this  remedy  as  inconsistent  with  what 
they  knew  of  these  habits.  There  have  been,  however,  unsuccessful 
experiments,  and  these  hane  doubtless  had  their  effect  in  deterring 
other  experimenters.  For  example,  the  Country  Oentlemaii  for  De- 
cember 2,  1886,  contained  the  following  paragraph  : 

Paris  Oreen  for  Curciilio. — The  various  reports  which  have  been  made  from  the 
experiments  of  the  present  year  lead  to  the  conclusion  that  arsenic  in  any  form  is 
of  little  value  against  the  Curculio.  The  insect  works  inside  the  fruit,  and  the  egg 
is  laid  beyond  the  reach  of  thepoison,  or  at  best  the  spraying  affects  only  a  part  of 
them.  A  report  made  by  G.  W.  Trowbridge  to  the  Oliio  Horticultural  Society  on 
this  subject  is  a  fair  sample  of  many  others.  He  stated  that  he  had  experimented 
for  two  years.  TTie  first  year  he  tried  Paris  green,  the  next  London  purple;  in  one 
instance  with  two  applications  and  in  the  other  with  three  as  soon  as  the  blossoms 
were  off.  No  effect  was  produced  on  the  Curculio,  but  the  poison  was  perfectly 
effectual  in  the  Codling  Moth.  President  Ohmer  did  not  think  arsenic  would  affect 
the  Curculio.  O.  W.  Aldrich  had  tried  London  purple,  a  heaped  teaspoonful  to  3 
gallons  of  water,  at  a  cost  of  a  quarter  of  a  cent  a  tree. 

On  the  whole  the  remedy  is  one  which  is  a  desirable  addition  to  our 
list,  although  it  will  never  become  so  great  a  success  as  the  applica- 
tion of  these  poisons  for  the  Codling  Moth,  and  for  two  reasons:  (1) 
The  egg  is  deposited  and  the  beetle  gnaws  preferably  upon  the  smooth 
cheek  of  the  fruit,  where  the  poison  does  not  so  readily  adhere,  and 
from  which  it  is  more  easily  washed  off;  (2)  the  larva,  eating  directly 
from  the  flap,  does  not  come  in  contact  with  the  poison  as  does  the 
larva  of  the  Codling  Moth. 

THE  SUPPOSED     IMMUNITY    OF  WILD  PLUMS    AND  MB.    WIER'S   THE- 
ORY AS  TO   ITS  CAUSE. 

As  already  stated  in  the  section  on  "preventives,"  Mr.  D.  B.  Wier, 
formerly  of  Lacon,  111.,  now  of  California,  a  well  known  fruit-grower 
and  writer,  has  claimed  in  different  publications,  and  particularly  in 
Bulletin  No.  14  of  this  Di^tision,  that  the  cultivated  species  of  native 
plums,  such  as  Americana,  Chickasa,  etc.,  and  their  varieties,  Rol- 
lingstone.  Miner,  Newman,  Wild  Goose,  and  others,  are  Curculio 
proof,  the  assumption  being  that  the  larvae  are  not  able  to  develop 
m  these  fruits.  He  states  that  but  one  egg  in  each  two  or  three  thou- 
sand deposited  ever  comes  to  maturity;  and  further,  that  the  beetle  is 
strongly  attracted  to  these  varieties  in  x>ref erence  to  all  other  fruit. 

The  conclusion  he  draws  is  that  to  cultivate  these  varieties  in  abun- 
dance would  exterminate  the  Curculio. 

In  the  introduction  to  Bulletin  14  and  in  occasional  foot-notes  in  the 
same  bulletin  we  have  expressed  our  dissent  both  from  Mr  Wier's 
premises  and  from  the  statements  upon  which  he  bases  his  conclu- 
sions. Without  giving  exact  details,  however,  he  claims  that  his 
statements  are  based  upon  experiment,  and  we  have  not  been  able  to 
repeat  them,  except  in  a  general  way  and  to  a  certain  degree  theo- 
retically. Our  own  past  experience  has  been  that  wild  plums  are 
quite  generally  affected  by  Conotrachelus  nenuphar  and  tnatthe  in- 
sect readily  develops  in  them.  Plums  generally,  either  cultivated  or 
wild,  are  preferred  by  the  insect  to  peaches  ana  other  rough-skinned 
fruit,  and  we  may  say  that  it  is  also  true  that  a  certain  percentage 
(sometimes  quite  a  large  one)  of  the  larvss  perish  in  all  kinds  of 
rruit. 

In  the  absence  of  definite  experiment  and  accurate  account  to  sup- 
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port  our  vie^ws  wo  have  endeavored  during  the  past  season  to  have 
observations  made  by  certain  of  our  agents  and  by  several  persons 
whom  we  knew  to  be  at  the  same  time  accurate  observers  and  more 
or  less  extensive  growers  of  plums.  Unfortunately  for  our  purpose, 
the  reports  from  these  individuals  have  not  all  been  received,  but 
from  those  which  have  arrived  there  is  a. perfect  concensus  of  facts 
and  conclusions  which  subvert  Mr.  Wier's  theory.  We  quote  from 
a  few  of  these  replies :  , 

Mr.  F.  Lionberger,  of  New  Florence,  Mo.,  writes  under  date  of 
July  17,  as  follows. 

In  answer  to  your  mcjuiry  of  June  23  as  to  whether  or  not  the  larva  of  the  Cur- 
calio  is  able  to  develop  m  the  cultivated  species  of  Prunus  americana  and  Chickasa, 
I  wiU  have  to  report  that  upon  a  very  careful  examination  I  find  that  at  least  50 
percent,  of  the  eggs  deposited  in  my  Wild  Goose  plum  have  hatched  and  ruined  the 
fruit.  I  have  carefully  examined  the  fruit  and  have  based  my  calculations  on  the 
specimens  in  which  I  found  the  larvce  or  where  it  had  been  feeding.  Upon  the  wild 
plums  I  have  examined,  I  found  the  average  to  be  slightly  less.  I  have  also  made 
examinations  in  other  orchards  and  found  the  average  about  the  same. 

Mr.  G.  C.  Brackett,  secretary  of  Kansas  State  Board  of  Agriculture, 
writes  under  date  of  July  7,  1888: 

♦  ♦  ♦  My  own  experience  and  observations  will  not  sustain  Mr.  Wier's  decla- 
rations in  the  least,  as  I  have  been  a  close  observer  of  this  class  of  fruit  for  years 
in  Iowa  where  the  woods  abound  with  them ;  also  in  the  thickets  skirting  the  water 
courses  of  this  State,  and  some  seasons  have  witnessed  the  total  destruction  of  a 
heavy  crop  of  fruit  by  the  insect  in  question.  In  cultivated  plantations  of  the  Wild 
Goose,  Miner,  and  several  other  sorts  of  the  Chickasa  family,  both  on  my  own  farm 
and  others  which  I  have  had  the  privilege  of  visiting  in  this  State,  I  have  not  dis- 
covered any  material  exemption  in  varieties,  and  all  varieties  have  suffered  as  much 
as  the  Lombard  Washington  and  that  class.    *    *    * 

Prof.  Herbert  Osbom,  of  Ames,  Iowa,  whose  report  upon  experi- 
ments with  arsenical  poisons  we  have  printed  in  full  in  earlier  pages, 
and  whose  careful  tables  indicating  the  varieties  of  plums  experi- 
mented upon  and  subsequently  examined  may  be  found  in  the  same 
connection,  writes  concerning  the  Wier  theoiy  as  follows  : 

With  r^^ard  to  the  development  of  the  Curculio  larvae  in  wild  plums  or  varieties 
reoentiy  derived  from  wild  forms,  the  tables  already  given  will  futnish  some  light, 
since  for  those  reported  as  containing  larvaa  the  e^gs  had  in  all  instances  hatched, 
and  in  nearly  all  cases  the  larvae  were  well  on  their  way  to  full  development,  or,  in 
some  cases,  fully  grown  or  even  escaped  from  the  plum,  their  presence  being  indi- 
cated by  the  condition  of  the  pulp.  The  infested  plums  were  placed  in  breeding 
jai8,  but  since  they  had  all  been  cut  open. and  could  not  be  given  exactly  natunu 
conditions,  it  could  not  be  expected  that  they  would  mature  as  perfectly  as  under 
nonnal  conditions.  Moreover,  some  of  them  produced  the  common  Curculio  para- 
ate,  SigcUphus  cureulionis.  Nevertheless,  a  number  of  adult  Curculios  were  bred 
from  each  of  the  varieties,  at  least  three  of  which  are  closely  related  to  wild  plums. 
On  June  25  I  visited  the  timber  in  the  vicinity  and  examined  the  native  plums,  cut- 
ting open  numerous  examples  of  the  fruit  and  finding  in  very  many  cases  well-de- 
▼ek>ped  larvae.  It  seems  to  me,  therefore,  that  there  can  be  no  reason  to  doubt  that 
both  Curculio  and  Gouger  will  develop  readily  in  all  the  varieties  of  wild  plum,  al- 
though, of  course,  many  plums  will  be  stung  that  will  not  mature  the  insect,  doubt- 
fess  much  of  the  puncturmg  being  simply  for  food  and  no  egg  being  laid. 

The  most  elaborate  experiments  which  we  have  had  made  are  those 
of  our  agent,  Mr.  F.  M.  Webster,  of  Lafayette,  Ind.,  and  these  we 
print  in  full  at  the  end  of  this  article.  They  do  not,  unfortunately, 
nave  a  very  definite  bearing  on  the  question  at  issue,  for  nearly  all 
the  varieties  with  which  he  experimented  are  of  native  stock.  So 
far  as  they  indicate  comparisons,  however,  they  show  no  difference 
in  favor  of  wild  stock. 

After  this  consideration  of  the  facts  it  will  be  unnecessary  for  us 
JQ  make  further  comments. 
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EXPERIMENTS  IN  REARING  THE  PLUM  CURCULIO  (Coiiotrachelus  nenu- 
phar) FROM  PLUMS  AND  OTHER  FRUITS. 

By  F.  M.  Webster. 

The  fruits  used  in  these  experiments  were  obtained  from  various  soiirces.  A 
large  consignment  of  plums  and  nectarines  was  sent  me  by  Mr.  E.  Yenowine,  of 
Edwardsvifle,  Ind.,  but,  though  they  had  all  fallen  from  the  trees,  comparatively 
few  had  been  attacked  by  the  Curculio,  and  hence  the  limited  number  of  specimens 
used  in  experiments  16,  17,  18,  19,  and  20. 

A  fine  lot  of  447  plums,  of  seven  varieties,  was  sent  me  on  June  80  by  Mr.  C.  M. 
Hobbs,  nurseryman,  of  Bridgeport,  Ind.     Owing  to  a  blunder  on  the  i>art  of  the  ex- 

Eress  company,  the  package  did  not  reach  me  until  two  weeks  after.  The  fruit  was 
y  this  time  rotted  and  mouldy,  but  in  the  box  in  which  it  was  consigned  I  found 
ten  full-grown  larvsB,  from  which  I  reared  seven  adults.  The  decoinposed  state  of 
the  fruit  when  received  forbade  my  learning  the  average  number  of  punctures  per 
plum.  But  Mr.  Hobbs  stated  that  not  over  one>tliird  of  the  plums  on  his  trees  were 
stung  at  all,  and  the  average  would  be  less  than  five  punctures  per  each  plum. 

The  fruit  from  Mr.  Aper's  orchard  was  all  growing  within  an  area  of  less  than  50 
yards  square. 

The  Universitv  orchard  is  composed  of  young  trees,  and  these  fruited  sparingly. 
I  used  nearly  all  of  the  punctured,  fallen  fruit,  in  these  investigations.  These  ex- 
periments were  made  by  burying  ordinary  8-inch  drain  tile  vertically  in  the  earth, 
the  top  projecting  about  an  ipch  above  the  surface.  The  tile  was  filled  with  soil  to 
within  an  mch  of  the  top,  including  the  sod  where  it  was  used ;  and  over  the  top 
of  the  tile  ordinary  wire  fly  screen  was  drawn,  and  held  in  place  by  iron  band,  fit- 
ting over  the  end  of  the  tile,  forming  a  sort  of  cap.  Within  and  on  tne  surface  of  the 
inclosed  earth  the  infested  fruit  was  placed.  The  specimens  were  counted,  and  a 
record  kept  of  each  tile.  The  final  examination  was  made  by  washing  all  of  the 
ei^h  contained  in  these  tiles,  through  screen  sufiiciently  fine  to  retain  either  the 
adult,  larvsB,  or  pupas.    Grass  of  sod  in  tile  was  allowed  to  grow  up  as  on  outside. 

ExpeHnient  No,  I. — June  13.  Ten  Rollingstone  plums,  from  Umversity  orchard, 
were  placed  on  sod.  Result  of  examination  on  August  28,  four  adults  were 
found,  all  dead. 

Experiment  No,  2. — June  15.  Twenty  Robinson  plums,  from  University  orchard, 
placed  on  sod.    Result  of  examination  on  August  28,  two  adults,  botii  dead. 

jLocperifnent  No,  3.— June  16.  Ten  Wild  Goose  plums,  from  orchard  of  S.  H.  Beck- 
ner,  Battle  Ground,  Ind.,  placed  on  sod.  Result  of  examination  on  AHgust  28,  one 
adult,  dead. 

Experitnent  No,  4. — June  16.  Twenty  wild  plums,  from  same  orchard  as  No.  8, 
placed  on  sod.    Result  of  examimation  on  August  28,  one  adult,  dead. 

E^^perivient  No,  5. — June  19.  Twenty-one  wild  plums,  from  orchard  of  Mr.  Aper 
La  Fayette,  Ind.,  placed  on  sod.  Result  of  examination  on  August  28,  no  Curculio 
found. 

Eayperinvent  No,  6. — June  19.  Twenty-one  wild  plums,  from  same  orchard  as  No.  5, 
placed  on  hard,  bare  ground.    Result  of  examination  on  August  28,  one  adult  dead. 

Experiment  No,  7. --June  19.  Thirty-nine  Wild  Qoose  plums,  from  same  orchard 
as  No.  6,  placed  on  sod.     Result  of  examination  on  August  28,  one  adult,  dead. 

Experiment  No,  8,— June  19.  Thirty-nine  Wild  Gkx)se  plums,  from  same  orchard 
as  No.  7,  placed  on  hard,  bare  grouna.  Result  of  examination  on  August  29,  no 
beetles. 

Escperiment  No,  9. — June  20.  Fourteen  Siberian  Crab  apples,  from  same  orchard 
as  No.  8,  placed  on  sod.    Result  of  examination  on  August  29,  no  beetles. 

Eaeperiment  No.  10. — ^June  20.  Thirty-six  seedling  apples,  from  same  orchard  as 
No.  €,  placed  on  sod.    Result  of  examination  on  August  29,  eight  adults,  all  alive. 

Experiment  No,  11. — June  20.  Thirty-six  seedling  apples,  from  same  tree  as  No. 
10,  pfe<jed  on  hard,  bare  ground.  Result  of  examination  on  August  29,  fourteen 
adults,  all  but  two  living. 

Experiment  No.  12.— June  22.  Thirty  Robinson  plums,  from  same  tree  as  No. 
2,  placed  on  loose  soil.  Result  of  examination  on  August  23,  eight  adults  were 
found,  all  dead. 

Experiment  No,  18.— June  22.  Thirty  Robinson  plums,  from  same  tree  as  No. 
12,  placed  on  bare,  hard  ground.  Result  of  examination  on  August  23,  eleven  adults 
were  found,  all  dead. 

Experiment  No.  14.— June  22.  Twenty  Robinson  plums,  from  same  tree  as  No. 
18,  placed  on  sod.     Result  of  examination  on  August  29,  twelve  adults,  all  dead. 

Experiment  No.  15.— June  22.  Thirty-five  Golden  Beauty  plums,  from  Univer- 
sity orchard,  placed  on  sod.    Result  of  examination  on  August  89,  no  beetles. 
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Experiment  No.  Ifi. — June  3Q.     Seven  Kansas  sand  plvims,  from  E.  Yenowine, 
Edwards ville,  Ind.,  placed  on  BOd.    Result  of  examination  on  Aujiclut  29,  no  Cui- 

Experitnent  No.  17. — June  26.    81k  Wild  Qooae  phmu,  from  same  locality  as  No. 
1(,  placed  on  nod.    Result  of  eiamination  on  August  20,  no  CurcuHo. 

Ejiperimt.7it  No.  18. — June  2G.    Nine  Chiokaaaw  plums,  tcoai  same  locality  as  No. 
17,  puiioeil  on  sod.     Result  of  ezaiuination  on  August  80,  one  adult,  living. 

Keperinieiit  No.  19. — June  2S.    Hve  Blue  Oage  plums,  from  same  locality  as  No. 
lB,placed  on  Hod.     Result  of  examination  on  August  30,  two  adults,  dead. 

&i^)eriment  No,  SO. — June  S5.     Eleven  nectarines  on  sod.     Result  of  e         '     " 
UD  August  SO,  no  Curculio. 

Experiment  No.  21. — June 
■od.    Result  of  examination  < 

Experimsnl  No.  23.— July  5. 


y.  4,  placed  on  sod.     Result  of  e: 


.    Six  De  Soto  plums,  from  University  orchard,  c 
August  30,  no  Curculio. 
Twenty-eight  wild  plums,  from  Aper's,  same  trei 


latJoQ  on  August  8( 


lo  Curculio. 


gjpwimartt  No.  23. — July  6.  Thirty-two  Vnid  Goose  plums  from  Aper's,  same 
bee  as  No.  6,  placed  on  sod.    Result  of  examination  on  August  30,  two  living  adults. 

Experiment  No.  34.— July  5,  Twenty-one  Siberian  Crab  applea,  from  Aper's,  same 
tree  oh  No.  9,  placed  on  sod.     Beeult  of  examination  on  August  80,  nothing. 

Experiinent  No.  SS.^July  6.  Ten  late  cherries,  from  Aper's,  placed  on  sod.  Re- 
mit of  examination  on  August  SO,  nothing. 

Mkeperiment  No.  28. — July  5.  Thirty-two  seedling  a^lee,  from  Aper's,  same  tree 
"      ""       ■  --     •       '  >     ...      ..  „,  „.,„„j„_*,.^  on  August  80, ni 


li  Noa.  10  and  11,  placed  on  sod.    Result  of  e 


),  nothing. 


;apitulatioit. 


Whole  number  of  plums  used  in  experiments  (not  Including  those  sent  by  BIr. 
Hobba),  three  hundred  and  eighty-eight ;  number  of  Curculio  reared,  forty-six,  or 
(He  to  each  eight-tenths  of  twen^-three  plums. 

Of  the  three  principal  varieties  used,  the  wild  plum  gave  one  Curculio  to  ^ery 
forty-fiTe.  The  wild  goose  one  to  every  tiiirty-one  and  one-half.  Tlie  Robinson 
nearly  one  to  every  three.  The  cherrieB  g&YO  no  adults  in  t«Ji.  The  crab-apples 
nonem  thirty-five.  The  nectarines  none  in  eleven.  The  seedling  apples  one  to 
tear  and  eignt-elevenths. 

Unfortunately,  the  idea  of  counting  the  punctures  in  the  fruits  before  placing 
the  latter  in  the  tile  did  not  occur  to  me  until  too  late ;  but  I  am  satisfied  tnat  the 
ansage  would  not  be  above  two  punctures  per  plum. 

With  a  view  of  learning  something  of  the  fatality  to  the  eggs  and  young  larvn, 
we  examined  a  large  number  of  plums,  the  results  of  such  examinations  being 
ttbulated  below,  I  have  there  assumed  that  each  crescent-shaped  mark  on  the  fruit 
rapreeented  one  ^g,  although  it  ia  doubtful  if  this  is  correct.  It  is,  however,  saf« 
to  My  that  there  would  not  oe  more  than  one  egg  in  each  cavity.'  If  there  was  a 
dumber  connected  with  a  puncture,  this  was  considered  proof  of  the  egg  having 


le  as  fruit  used  in  experiment  No.  31. 


Vrniety  ol  rrult. 


WUd  Ooon. . . 


£?s 
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THE  FLUTED  SCALE. 

{Icerya  purchasi,  Maskell.) 
Order  Homoptbra  ;  family  Ooccidje. 
[Plates  vin,  ix,  x,  and  xi.] 

Considerable  interesting  matter  concerning  this  insect  has  accu- 
mulated since  the  publication  of  our  extendea  article  upon  it  in  the 
annual  report  of  this  Department  for  1886.  We  have  published  a 
number  of  shorter  articles  since,  some  of  them  fugitive  in  their 
nature,  and  it  is  our  purpose  in  this  report  to  brin^  our  investiga- 
tion of  this  species  up  to  date.  All  facts  which  we  give  will  be  sup- 
plementary to  the  1886  report  unless  otherwise  stated,  the  report  for 
1887  containing,  aside  from  a  few  words  in  the  Introduction,  only- 
reports  from  Messrs.  Coquillett  and  Koebele  on  the  subject  of  reme 
dies.  In  the  meantime  additional  experimenting,  particularly  with 
ffases,  has  been  carried  on,  other  food-plants  have  been  found,  new 
facts  bearing  upon  geographical  distribution  and  the  original  habitat 
of  the  species  have  come  to  light,  a  number  of  new  natural  enemies, 
principally  parasites,  have  been  discovered,  and  most  interesting  re- 
sults have  been  reached  by  the  study  of  the  Australian  natural  ene- 
mies of  the  pest  and  by  their  introduction  into  California. 

THE  ORIGINAL  HOME    OF  ICERYA  PURCHASI,   AND    ITS  VALIDITY  AS 

A  SPECIES. 

The  discussion  of  the  original  home  of  the  pest  can  not  well  be 
separated  from  a  discussion  of  its  identity  or  non-identity  with  Icerya 
sacchari,  the  type  of  the  genus,  and  wnich  we  may  incidentally  re- 
mark is  synonymous  with  Westwood's  Dorthesia  seycKeUarum,  as 
will  be  shown  later.  We  shall  therefore  consider  both  questions 
under  this  section. 

In  our  1886  report  the  conclusions  at  which  we  arrived  respecting 
these  two  points  were  that  the  species  is  a  native  of  Australia,  and 
that  it  is  distimct  from  th^  sugar-cane  species  of  Mauritius.  Soon 
after  the  publication  of  this  report,  however,  other  facts  came  to  our 
notice  which  led  to  some  modification  of  opinion  upon  both  points. 
In  originally  deciding  upon  the  non-identity  of  purchasi  and  sacchari 
we  reued  almost  entirely  upon  the  fact  that  Maskell,  in  1883,  had  spec- 
imens of  both  species  before  him  for  comparison.  A  letter  which 
Mr.  Maskell  wrote  to  Mr.  Klee  in  April,  1887,  and  which  was  pub- 
lished in  the  Pacific  Rural  Press  for  May  7, 1887,  brought  up  anew 
the  question  of  the  accuracy  of  his  determination,  and  it  seemed  to 
us  from  the  information  which  we  then  possessed  that  the  two  species 
might  after  all  be  identical,  and  that  in  consequence  the  original  nome 
may  have  been  Mauritius  or  the  island  of  Bourbon  (Reunion).  On 
this  hypothesis  it  seemed  that  the  species  might  owe  its  comparatively 
wide  distribution  to  importation  with  sugar,  being  conveyed  particu- 
larly upon  the  draining  canes  placed  in  hogsheads  packed  for  exporta- 
tion. Our  reasons  for  this  partial  conclusion  we  puolished  at  leng^th  in 
the  Pacific  Rural  Press  for  June  11,  1887,  and  subsequently  reprinted 
the  article  in  Bulletin  15  of  this  Division,  pages  27-33  (issued  Au- 
gust 18,  1887),  mentioning  them  also  at  the  meeting  of  the  British 
Association  lor  the  Advancement  of  Science  held  at  Manchester  in 
August,  1887. 

During  the  summer  of  1887  and  the  winter  of  1887-88,  by  corre- 
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spondence  and  personal  investigations  in  Europe,  we  were  able  to 
tnrow  new  light  upon  both  questions.  These  results  we  summed  up 
in  an  article  published  in  the  Pacific  Rxiral  Press  for  May  12,  1888, 
from  which  we  quote  at  some  length  : 

My  Gearch  for  the  ori;;infil  habitat  of  leery  a  purchasi  has  led  to  much  interesting 
oorresTX>ndenco  wich  naturaHsts  in  different  countries,  and  a  number  of  side  veins 
have  "Seen  struck  and  followed  up  with  important  results.     At  the  time  of  my  com- 
munication to  the  Pacific  Rural  Pt^ess  of  June  11, 1887  (reprinted  in  Bulletin  15  of  the 
Division  of  Entomology),  I  was  rather  inclined  to  the  opinion  that  purchasi  might 
be  a  synonym  of  sacchaH,  and  thai,  the  original  home  of  the  species  would  turn  out 
to  be  the  islaiids  of  Bourl)on  and  MauritiLis.     Tlie  corres]X)naence  there  published 
with  Messrs.  Trimon  ol'  Cape  Town.  Crawford  of  Adelaide,  Kirk  of  WeUington,  and 
Baron  von  Mueller  of  Mcllxjurne  doveioped  nothing  to  alter  tjiis  impression,  but 
•  rather  coniivmed  it ;  and  1  was  particularly  anxious  to  get  some  exact  information 
from  the  islands  in  the  Indian  Ocean.     *    *    *    I  have  arrived  at  a  definite  conclu- 
sion contrary  to  the  surmise  of  iast  June  with  regJird  to  the  identity  of  these  two  in- 
sects, and  this  conclusion  was  iorme<l  first  from  a  study  of  Signoret's  tyi^es  in  Paris 
and  subsequently  by  a  bit  of  roundal)oat  correspondence  which  is  of  sufficient  in- 
terest to  be  treated  at  some  leii.i^Ui.     I  was  verv  aoiTy  to  find,  when  in  Paris  last 
October,  tliat  my  old  friend.  Dr.  Signoret,  wiis  exi;re;neiy  sick  and  unable  to  give  any 
attention  to  affairr>,  and,  as  he  was  at  hiscountiy  pl-ice,  I  had  some  difficulty  in  mak- 
ing an  examination  of  liis  typos  :  hut,  finally,  tliroii<jii  the  coui-tesy  of  M.  Fairmaire, 
I  succeeded  in  making  a  study  of  them,  aiid,  although  the  specimens  were  for  the 
most  part  pinned  and  dried  and  in  poor  condition  for  comparison,  yet  enough  per- 
fect material  remaineil  to  make  nie  (juite  T)oC'itivo  that  saccluiri  was  distinct  from 
purc^^m.     In  the  msantime,  during  my  visit  to  Europe,  another  specimen  of  the  old 
original  lot  sent  by  Dr.  leery,  of  Mamitius,  to  Signoret  in  Paris,  in  1874,  or  there- 
abouts, and  which  was  the  one  sent  by  Signoret  to  Maskell  in  New  Zealand  in 
1878,  was  received  from  Mr.  Maslieli  and  immediatelv  forwarded  across  the  Atlantic 
by  Mr.  Howard,  and  later  was  brouglit  back  to  AVashington,  where  it  now  remains, 
probably  the  most  ti-aveled  insect  in  any  collection.     Tliis  specimen  also  was  in  ooor 
condition.  " 

My  second  verification  of  the  conclusion  of  non-identity  was  arrived  at  as  follows : 
Mr.  J.  Home,  director  of  tiie  Bdtanic  Gardens  at  Port  Louis,  Mauritius,  replying  to 
my  communication  asking  for  particulars  and  specimens  concerning  the  "  Pou 
blanc**  in  Mauritius,  informed  mo  that  the  insect  was  there  also  known  as  tlie  **  Pou 
anglais,"  and  was  supposed  to  have  been  describefl  by  an  English  entomologist  many 
years  ago  as  Dorthcaia  seijchellarum.  Reference  to  all  accessible  works  failed  to 
eive  me  a  clew  to  any  such  species  of  Dorthesia,  and  application  was  made  to  Mr. 
J.  W.  Douglas,  of  England,  who  has  monographed  the  genus,  for  information  con- 
cerning the  use  of  this  name.  Tlirough  his  kindness  I  learned  tliat  the  insect  was 
briefly  described  by  Wostwood  in  Mie  Gardenes'  Chronicle  for  December  22, 1855. 
On  consulting  this  article  I  ioimd  the  insect  fi;:^red  both  from  a  dorsal  and  ventral 
aspect,  with  also  an  enlarged  repreoontation  of  the  antenna  of  the  female.  I  saw  at 
a  glance  tliat  the  imject  was  the  same  as  that  described  by  Signoret  as  leerya  sac- 
cftar»,and  that  it  was  no  Dorthesia.  Tlie  "  Poa  blanc"  is  therefore  Icerya  seyclieU 
larum  (Westwood).  The  specific  name  wars  given  to  this  insect  by  Westwood  from 
the  fact  that  the  insect  v/as  received  upon  tlie  leaf  of  a  palm  from  the  Seychelles 
Islands. 

Hie  third  verification  was  made  in  a  roundab:>ut  way  almost  at  home.     Learning 
from  3iaaritiud  that  Col.  Nicholas  Pike.  United  States  consul  at  that  island  many 
years  ago,  had,  wliile  in  Mauritius,  paid  sojn  attention  to  this  insect,  I  wTote  to 
Colonel  Pike,  who  at  pr,?sent  resides  in  Brooklyn,  N.  Y.,  and  was  much  gi-aliliod 
upon  receiving  a  long  and  interesting  communication  from  him.     Among  other 
acts  he  stated  that  some  twenty  y(?ars  since  he  deposited  with  a  lot  of  other  natiiral 
hffltory  objects  a  few  sixjcimens  of  the  "  Pou  blanc  "  with  Prof.  Louis  Agassiz  at 
:       Ownbridge.     I  then  wrote  to  Dr.  Hagen,  who  was  at  once  able  to  place  his  hand 
^n  the  specimens  mentioned  bv  Col  );icl  Pike,  and  who  most  courteously  for- 
J^ed  tlirc'c  of  them,  ail  in  admimblo  ]>reservation,  as  they  had  been  saved  in  alco- 
hol   Those  correspond  with  Signoret 'j  description,  and  with  Signoret's  and  M^skeU's 
•|>ecimens,  and  with  Westwood's  figures  and  description. 
'         We  arc  still,  it  will  be?  observed,  without  positive  and  absolute  knowledge  as  to 
me  original  habitat  of  Icerya  purdiasi  outside  of  Australia,  so  that  I  am  rather 
waSrme  I  in  my  f^^st  conclusion  that  it  is  an  Australian  species,  though  I  shall  not 
pe  surprised  if,  in  ihe  coiirse  of  the  next  few  months,  specimens  turn  up  from  Mau- 
\     ntiiu.    Tliere  is  a  |)Of«ibiiity  that  both  the  insects  occur  in  that  island,  but  all  things 
'  •  OQosidfired,  it  is  much  more  likely  that  purchasi  was  introduoed  from  Austrtdiato 
AG  88 6 
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the  Cape  of  Gkxxl  Hoj)e,  to  New  Zealand,  aiid  to  California.  The  reasons '^hich  lead 
to  these  conclusions  are  as  follows  : 

First.  We  do  not  know  that  purcfiasi  occurs  in  Mauritius,  Reunion,  or  any  of  the 
neij^hboring  islands,  wliile  we  do  know  that  it  cxrcurs  in  several  parts  of  Australia. 

Second.  The  insect  made  its  first  appearance  in  South  Africa,  New  Zealand,  and 
California  upon  plants  that  are  peculiarly  and  distinctively  Australian. 

Third.  Although  it  may  seem  paradoxical,  tlie  ver>'  fact  that  the  species  does  not 
appear  to  be  very  abundant  or  injurious  in  South  Australia  is  rather  an  argument 
for  tlian  against  its  l>eing  an  indigene  there  Any  one  who  has  studied  the  nistory 
of  insect  outbreaks  will  appreciate  this  point.    *    ♦    * 

The  figures  and  specimens  of  Icerya  sacchari  (seychpUarum)  which 
we  have  been  able  to  examine  and  critically  compare  with  J.  pur^ 
cJuisi  are,  then,  as  follows  : 

1.  Signoret's  figures  in  Ann.  Soc.  Ent.  France,  1875^  series  5,  Vol.V, 

rl.  8,  Figs.  2,  2a,  2b  (adult  and  enlarged  antenna  of  adult  and 
young). 

2.  Signoret's  tyj^e  specimens,  examined  by  us  in  Paris,  and  of  which 

we  ])rought  to  Washington  four  females,  with  eggs  and  young. 

3.  Another  of  Signoret's  type  specimens,  received  by  him  from  Dr. 

leery  in  1874  (?)  and  sent  by  Signoret  to  Maskell  in  1878.  This 
was  sent  us  by  Maskell  in  1887. 

4.  Westwood's  figure  of  DoHhesia  seycliellarum ,  in  Gardeners'  Chron- 

ichy  December  22,  1855,  p.  830  (shows  adult  from  above  and  be- 
low, enlarged,  and  natural  size  on  leaf ;  also  antenna  of  same 
still  more  enlarged). 

5.  Three  adult  females,  from  a  number  collected  on  sugar-cane  by 

Col.  Nicholas  Pike  in  Mauritius,  and  deposited  by  him  some 
,    twenty  years  ago  with  Professor  Agassiz,  at  Cambridge;  sent 
to  us  Dy  Dr.  H.  A.  Hagen,  at  Colonel  Pike's  suggestion. 

6.  A  large  number  of  females  (twenty  ormore),  mainly  adults,  sent 

us  by  Mr.  D.  Morris,  of  the  Royal  Kew  Gardens,  to  whom  they 
were  sent  from  Rodrigues  during  the  winter  of  1887-88. 

It  will  thus  appear  that  we  had  abundant  opportunity  to  decide 
the  question  satisfactorily,  and  there  can  no  longer  be  any  doubt 
that  Icerya  purchasi,  Maskell,  is  a  perfectly  valid  species.  The  points 
of  difference  it  Avill  be  unnecessary  to  detail,  as  this  conclusion  coin- 
cides with  that  stated  in  our  1886  report.  Some  words,  however, 
may  be  devoted  to  the  insects  mentioned  under  No.  6.  We  had  no- 
ticed on  several  occasions  during  the  last  year  or  two  newspaper  ac- 
counts of  the  damage  done  to  various  trees  in  Mauritius,  and  particr 
ularly  to  the  forests,  by  what  was  called  '*  the  White  Scale  insect," 
We  suspected  that  this  might  be  /.  purchasi,  and  entered  into  cor- 
respond!ence  with  gentlemen  in  Mauritius  and  witli  the  authorities 
of  the  Royal  Kew  Gardens.  Mr.  D.  Morris,  of  the  Kew  Gardens, 
finally  succeeded  in  obtaining  specimens  and  a  report  from  which  he 
briefed  the  facts  for  us  that  the  damage  was  done  at  Rodrigues,  a 
small  island  some  330  miles  east-northeast  of  Mauritius,  and  that 
many  trees  were  attacked.  '"  The  leaves,  branches,  and  trunks  are 
white  with  insects.  They  are  chiefly  found  on  the  leaves  along  the 
midrib,  but  also  largely  on  the  young  branches  and  on  the  trunks  of 
young  trees.  Their  size  varies  much ;  some  are  no  larger  than  a 
poppv  seed,  and  others  are  as  large  as  a  French  kidney  bean  split  in 
two.  Mr.  Morris  also  quotes  for  us,  from  the  Report  on  the  Forest 
and  Crown  Lands  of  Rodrigues,  for  the  year  1880,  the  following, 
which  evidently  refers  to  the  same  insect :  "  Many  trees  which  were 
already  in  a  bad  condition,  owing  to  the  prevalence  of  the  Coche- 
niUe  or  Pou  Blanc  have  died  since.    It  was  expected  that  some  good 
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would  come  of  the  terrible  effects  of  the  cyclone  of  the  16th  of  April, 
1880,  *  *  *  but  the  insects  are  now  as  numerous  as  ever." 
•  The  fine  specimens  (in  alcohol)  sent  us  by  Mr.  Morris  show  that  the 
Rodrigues  Pou  Blanc  is  undoubtedly  /.  saechari,  and  this  determina- 
tion is  very  interesting  as  indicating,  in  connection  with  the  other 
facts,  that  the  species  is  as  polyphagous  and  destructive  as  J.  purchasi. 

The  fact  that  this  destructive  species  turns  out  to  be  sacchari  and 
not  purchasi  adds  one  more  slight  proof  to  our  conclusion  that  the 
original  home  of  the  latter  is  Australia,  for  the  evidence  is  still  nega- 
tive as  to  the  existence  of  purchasi  in  any  of  the  islands  of  the  In- 
dian Ocean,  whereas  we  had  inferred  from  the  newspaper  accounts 
that  the  Rodrigues  insect  might  prove  to  be  purchasi.  The  experi- 
ence of  Mr.  Koebele  in  Australia  in  his  studies  of  the  parasites  of 
the  Fluted  Scale  is  also  confirmatory,  as  he  finds  the  insect  widely 
spread  over  the  country,  but  in  almost  all  cases  comparatively 
harmless  owing  to  the  numerous  natural  enemies  which  it  nas  there. 

From  all  of  tne  facts  gathered  up  to  thepresent  time  we  are  there- 
fore still  inclined  to  the  belief  that  the  Fluted  Scale  belongs  to  the 
Australian  fauna. 

ADDITIONAL  FACTS  ON   GEOORAPHICAL  DISTRIBUTION. 

First  appearance  in  Cape  Colony. — In  our  188G  article  we  led 
to  the  inference  that  the  Fluted  Scale  made  its  first  appearance  at 
the  Cape  in  1873,  from  our  quotation  from  the  report  of  tne  Govern- 
ment commission  published  in  1877.  We  have  since  found  the  fol- 
lowing in  the  Gardeners*  Chronicle  for  March  21,  1874,  which  would 
seem  to  place  the  date  a  trifle  earlier, 

''Pror.  Thiselton  Dyer  exhibited  a  specimen  of  an  Acacia  with  a 
curious  white  balaniform  exudation  of  insect  origin.  In  explana- 
tion of  it,  he  read  the  following  extract  from  a  letter^  from  Mr.  James 
McGibbon  to  Dr.  Hooker,  dated  January  6,  1874 : 

I  have  taken  leave  to  inclose  in  the  box,  along  with  the  seeds,  a  small  box  of  in- 
sects, which  I  will  ask  you  to  be  good  enough  to  give  me  some  information  anent. 
This  pest  has  only  made  an  api>earance  within  the  last  two  years,  and  appeared  first 
on  a  specimen  of  Acacia  melaiioxylon.  It  spreads  with  wonderful  rapidity.  Species 
of  Acacia  of  Australian  types  are  its  i^reference ;  indeed,  the  insect  is  not  found  on 
any  native  plant.  Coccolobas  platycladon  and  Pittosporum  tohira  are  covered  with 
it  How  shall  I  get  rid  of  it  ?  Perhaps  some  of  your  learned  in  these  matters  would 
assist  me.     It  is  quite  a  new  infliction  to  the  Cape. 

**  Professor  Westwood  stated  that  the  insect  upon  the  Acacia  was 
quite  new  to  him,  and  was  closely  allied  to  the  Cionops  caiaphractus^ 
a  rather  rare  British  insect,  allied  to  the  Coccidse;  the  specimens  were 
females,  which  had  omitted  amass  of  waxy  matter  striated  in  ridges ; 
the  waxen  mass  was  in  many  places  covered  with  minute  larvae, 
differing  in  form  from  the  ordinary  larvae  of  the  Coccidse. " 

In  California. — In  considering  the  infested  districts  of  California 
we  have  included  Anaheim,  on  the  authority  of  the  late  Matthew 
Cooke.  Mr.  Cooke's  words  regarding  this  locality  were  as  follows  : 
"Anaheim,  No.  8  on  map,  27  miles  south  by  east  of  Los  Angeles. 
Local. "  We  have  recent]  y  learned  from  Mr.  F.  G.  Ryan,  of  Anaheim 
(Decem])er  2G,  1888),  that  at  the  present  time  this  statement  is  un- 
warranted.    He  writes  us  in  these  words  : 

I  am  now  much  interested  in  keeping  that  pest  (Icerya)  out  of  this  district.  * 
*  *  Icerya  does  not  now  exist  in  Anaheim  or  the  surrounding  country  to  my  knowl- 
edge. I  liave  had  two  cases  reported,  but  one  was  not  authentic,  and  the  other  oc- 
corred  within  six  months  and  received  some  vigorous  treatment  at  my  hands. 

^  In  Au^^tralia. — We  anticipate  some  exact  facts  as  to  the  distribu- 
tion of  the  pest  in  Australia  as  one  of  th^  results  of  Sending  Mr. 
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Koebele  to  that  part  of  the  world,  hut  they  have  not  yet  come  to 
hand  and  will  be  separately  published. 

In  Mexico, — At  the  time  of  writing  our  last  letter  we  were  not 
aware  of  the  existence  of  leery  a  in  Mexico.  In  January,  1888,  how- 
ever, we  learned  from  Mr.  Koebele  that  he  had  received  a  number  of 
specimens  which  had  been  sent  to  Mr.  Klee,  by  a  German  gentleman 
named  WoUeb,  from  Hermosillo.  Mr.  Koebele  wrote  for  further  spec- 
imens and  received  about  thirty  from  Mr.  WoUeb,  with  the  informa- 
tion that  some  three  years  ago  they  were  very  abundant  on  the  trees 
in  the  public  square  at  Hermosillo.  The  year  following  they  en- 
tirely disappeared.  In  1887  they  re-appeared,  and  at  the  time  of  writ- 
ing they  were  numerous  again. 

In  New  Zealand. — We  learn  both  by  correspondence  with  Mr. 
R.  Allen  Wight,  of  Paeroa,  Thames,  Auckland,  New  Zealand,  and 
from  his  articles  in  the  New  Zealand  Farmer,  over  the  the  pseudonym 
of  '*  Komata,"  that  of  late  the  Icerya  has  been  decreasing  m  these  isl- 
ands. At  Newmarket  the  insect  nas  entirely  disappeared ;  at  Auck- 
land it  is  stated  to  have  been  on  the  decrease  for  eighteen  months 
prior  to  October,  1888.  A  correspondent  at  Hawke's  Bay  informed 
him  that  while  the  scale  used  to  be  very  bad  in  that  district  upon 
acacias,  roses,  apples,  English  gooseberries,  furze,  lemon,  and  orange 
trees,  the  decrease  is  at  present  most  marked.  From  Napier  and  Nel- 
son practically  the  same  state  of  affairs  is  reported.  In  the  great 
orange-growing  district  of  New  Zealand,  Whangerei,  we  are  informed 
by  Mr.  Wight  that  the  fruit-growers  are  a  most  energetic  race  ;  that 
they  have  established  a  vigilance  committee ;  and  that  three  separate 
times  the  Icerya  has  made  its  appearance  only  to  be  thoroughly 
stamped  out.  Upon  one  occasion,  at  least,  the  tree  upon  which  the 
insect  was  found  was  cut  down  and  destroyed,  root  and  branch,  by  fire. 

Altogether  the  outlook  from  this  part  of  the  globe  is  not  discourag- 
ing, although  Mr.  Wight  justly  bemoans  the  indifference  of  the  lo- 
cal government.  He  has  been  unable,  through  correspondence,  to  as- 
certain the  cause  of  the  decrease,  but  feels  sure  it  must  be  because 
of  the  work  of  certain  as  yet  undiscovered  parasites. 

ADDITIONAL  FOOD    PLANTS. 

In  California. — As  supplementary  to  the  lists  of  food  plants 
given  in  our  188G  report,  wo  may  indicate  the  following,  on  all  of 
which  have  been  found  adult  females  of  the  Fluted  Scale  with  egg- 
masses,  indicating  that  they  had  actually  sustained  themselves  and 
flourished  at  the  expense  of  the  plant.  Moreover,  none  of  them  were 
growing  immediately  under  infested  trees.  All  are  presented  on  tho 
authority  of  Mr.  Coquillett : 


Pittosporuin  tobira,  many  scales. 
Myosporum  sp.,  very  many. 
Anona  cheirimoya,  many. 
Rosmarinus  officinalis,  few. 
Prosopis  sp. ,  very  many. 
Tamarix  gallica,  few. 
Plumbago  capensis,  few. 
Tecoma  jasmmoides,  few. 
Cassia  grandiflora,  few. 
Spiraea  sp.,  many. 
Gladiolus  sp.,  few. 
Populus  dilatata,  few. 
Humulus,  many. 
Rubus  (Raspberry),  few. 
Caiya  (Pecan),  very  many. 


Salvia  fulgens,  few. 
Baccharis  viminalis,  very  many. 
Nepeta  sp. ,  many. 
Solidago  calif ornica,  many. 
Chrysoi)sis  villosus,  few. 
Sonchus  oleraceus,  few. 
Plantago  sp.,  few. 
Araaranthus  retroflexus,  many. 
Ambrosia  psilostachya,  many. 
Bidens  pilcsa,  few. 
Xanthium  sp.,  fevr. 
Solanum  doucjlasii,  many. 
Polygonum  p(?rBi<!ana,  many. 
Quercus  douglaeii,  few. 
Ficus  macrophylla,  very  many. 
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NATURAL  ENEMIES. 

In  California. — Predaceous  Insects. — The  principal  additional 
notes  on  the  California  predaceous  insect  enemies  of  the  Fluted  Scale 
which  we  have  to  present  are  specific  determinations  of  the  three 
species  of  true  bugs  mentioned  upon  page  487  of  our  1886  report  by 
generic  names  only.  Mr.  Uhler  has  kindly  given  these  insects  fur- 
ther study,  and  writes  us  that  the  Piezostethus  sp.  is  Renter's  Piez- 
ostethus  californiciLS  (Plate  X,  fig.  4),  which  ranges  from  Michigan  to 
the  lower  part  of  California.  The  Lyctocoris  is  Lyctocoris  Jitchii 
(Plate  X,  ng.  5),  also  of  Renter,  a  synonym  of  the  old  L.  campesiris 
of  Fabricius,  a  species  which  occurs  in  the  United  States  from  New 
York  to  Texas,  and  is  also  found  in  Western  Asia  and  New  Zealand. 
The  third  species,  referred  to  in  our  former  report  as  Beosus  sp.,  is 
now  determined  by  Mr.  Uhler  as  Eremocoris  tropicus  Distant  (Plate 
X,  fig.  6),  previously  found  only  in  Central  America. 

In  1887  Mr.  Koebele  sent  us  specimens  of  a  Chrysopa,  of  which  he 
had  observed  the  larvae  preying  industriously  upon  the  adult  females 
of  Icerya  and  their  egg-sacks.  We  are  unable  to  determine  this 
Gk)lden-eyed  Lace- wing  fly,  and  upon  consulting  Dr.  Hagen,  of  Cam- 
bridge, the  authority  upon  the  order  to  which  it  belongs,  he  informs 
ns  that  he  is  not  prepared  either  to  determine  or  to  describe  it,  as 
since  the  disheartening  loss  of  his  collection  of  HemerobiidsB  many 
years  ago  he  has  done  no  work  upon  this  particular  genus.  This  in- 
sect, from  Mr.  Koebele's  account,  seems  to  be  an  important  enemy 
of  the  Fluted  Scale.  It  is,  however,  unfortunately  very  subject  to 
the  attacks  of  parasites.  Mr.  Koebele  has  reared  from  its  cocoons  two 
species  of  Chalcid  parasites,  one  a  species  of  Pteromalus,  and  the  other 
a  species  of  Perilampus.  He  has  also  reared  from  the  cocoons  an 
Icnneumonid  of  the  genus  Hemi teles,  which  will  probably  prove  to  be 
a  secondary  parasite,  preying  upon  the  Perilampus.  Mr.  Coquillett 
has  also  reared  the  Pteromalus  and  the  Perilampus,  and,  in  addition, 
a  Tetrastichus,  which  is  undoubtedly  a  secondary  parasite.  More- 
over, he  has  also  found  that  Isodroinus  icery(z,  described  in  the  1886 
report  as  a  parasite  of  the  Fluted  Scale,  is  a  parasite  of  this  Chry- 
sopa, and  this  observation  will  be  further  considered  under  the  head 
of  the  parasites  of  the  Icerya. 

We  briefly  referred  on  page  487  to  the  occurrence  of  a  mite  at  Los 
Angeles  which  destroys  the  scales.  We  have  since  received  speci- 
mens, and  have  given  it  some  study.  We  have  found  two  species 
among  the  material  sent  us.  One  is  a  Gamasus,  near  exilis,  Berlese, 
and  the  other  is  a  species  of  Scirus,  a  genus  the  species  of  which  re- 
semble Gamasus  in  habits. 

The  common  Lady-bird  of  the  Cactus  {Chilocorus  cacti,  Linn.),  a 
common  enemy  of  the  larger  scale  insects  in  California,  has  been  on 
several  occasions  observed  to  feed  on  the  Fluted  Scale  in  that  State, 
and  is  unquestionably  an  important  enemy  of  the  scale.  It  is  figured 
in  all  stages  at  Plate  XI,  fig.  1. 

TYue  Parasites, — In  our  1886  report  wo  recorded  but  one  parasite 
of  the  Fluted  Scale,  viz,  Isodrovius  iceryce.^  Howard.  This  was  reared 
from  adult  females  of  Icerya  received  November  10,  1886,  from  Los 
Angeles.  Observations  have  since  been  made,  however,  which  show 
that  this  parasite  also  infests  the  cocoons  of  the  Chrysopa  previously 
mentioned,  and  render  doubtful  even  the  seemingly  positive  observa- 
tions upon  which  we  recorded  it  as  an  Icerya  parasite.  Mr.  Coquil- 
lett writes  concerning  it  as  follows :  '^ I  have  never  bred  this  species 
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from  the  Icerya,  but  have  obtained  four  specimens  from  cocoons  of 
a  lace- winged  fly  (Chrysopa) ;  two  of  these  issued  August  5,  and  two 
October  18,  1888.  The  two  latter  issued  from  a  single  cocoon  spun 
by  a  Chrysopa  larva  September  23.  They  made  their  exit  through 
an  irregular  nole  in  one  end  of  the  cocoon.  After  they  had  issued  I 
examined  the  interior  of  the  cocoon  and  found  only  the  shriveled 
remains  of  the  Chrysopa  larva  and  the  cast-off  skins  of  the  parasites. 
There  were  no  traces  oi  parasites  of  the  Chrysopa,  and  I  believe  that 
it  attacks  the  Icerya  only  when  there  is  a  scarcity  of  its  usual  prey." 
Mr.  Coquillett  is  probably  correct  in  this  conclusion,  as  we  have  since 
found  tnat  another  species  of  this  same  genus  Isodromus  attacks  the 
cocoons  of  a  Chrysopa  which  occurs  on  the  grounds  of  the  Depart- 
ment of  Agriculture  at  Washington. 

In  an  article  entitled  "  Some  Recent  Entomological  Matters  of  In- 
ternational Concern/'  published  in  the  November  (1888)  number  of 
Insect  Life  (Vol.  I^  No.  5),  we  have  given  a  list  of  the  parasites  found 
to  attack  Icerya  m  California  up  to  that  date.  They  were,  aside 
from  the  Isodromus  just  mentioned,  Coccophdous  n.  sp.,  Entedon  n. 
sp.,  AlapttLs icerycR  n.  sp.,  Thoron  n.  8p.,and  uvniozns  n.  sp.  Since 
then  we  have  found  it  necessary  to  add  to  the  list  a  new  species  of 
the  genus  Encyrtus,  and  a  closer  study  of  the  facts  has  led  us  to  omit 
the  Goniozus,  as  it  seems  probable  that  it  is  not  a  parasite  of  Icerya, 
but  of  the  predaceous  Lepidopteron  {Blastobasis  icerycBeUa)  described 
in  our  last  report.  The  other  species  may  be  known  as  Entedon 
coquiUeUii  Riley  (Plate  X,  fig.  1),  Alaptus  icerycB  Riley  (Plate  XII, 
,  fig.  3),  Coccophagus  califomicus  Howard  (Plate  XI,  fig.  3),  Thoron 
opacvs  Howard  (Plate  X.  fig.  3),  and  Encyrtus  duhius  Howard 
(Plate  XI,  fig.  1),  and  will  be  described  in  the  columns  of  Insect 
Life. 

In  South  Africa. — Predaceous  iTisects. — The  most  important  of 

the  insect  enemies  of  the  Fluted  Scale  in  South  Africa  appears  to  be 

the  little  Lady-bird  beetle  mentioned  in  our  1886  report  as  Rodolia 

iceryce^.     It  was  originally  sent  to  Miss  Ormerod,  in  England,  by  Mr. 

S.  D.  Bairstow,  of  Port  Elizabeth,  Cape  Colony,  and  Miss  Ormerod 

has  kindly  sent  us  a  specimen,  from  which  our  figure  was  drawn. 

In  a  pamphlet  entitled  **  Notes  on  the  Australian  Bug  (Icerya  pur- 

chast)  in  South  Africa,"  published  by  Miss  Ormerod  in  1887,  the 

author  quotes  quite  a  glowing  account  of  the  work  of  this  insect 

from  a  letter  from  Mr.  Bairstow.     She  also  in  this  paper  prints  the 

original  description  of  the  species,  of  which  Mr.  O.  E.  Janson  is  the 

author.     Both  as  larva  and  adult  this  ladv-bird  is  an  active  feeder 

ipon  the  eggs,  young,  and  full-grown  females  of  Icerya.     Mr.  Trimen, 

^t  the  South  African  Museum,  has  also  received  accounts  of  the  ben- 

.ucial  work  of  this  beetle  from  a  correspondent.  Sir  Thomas  Scan- 

nji,  of  Cradock. 

^incipally  from  the  account  of  this  beetle  given  by  Miss  Ormerod 

.    lo   ^arr\phlet,  the  New  Zealand  people  made  a  successful  ofi'ort 

.1^(1  ii  -n^r^  if^r^r    '   'i^(jr  spGcimeus  into  New  Zealand.    There 

,     ..        ,     ^^^'^•■■..  ^  Tiformefi  by  Mr.  Wight,  a  colony  of 

*<         •  *u    a.       -       "ivii.^  ^-vceedingly  well.     The  beetle  itself 

ir  *^i  '^^^vau'^    •  ■•11  black  color,  with  a  single  red  spot  at 

"»^<^t  -      "^he  underside  of  the  body  and  tne  legs 

IK      -     ■  '  jle  upper  surface  appears  somewhat 

^"st,     u  ov/wico  11*   .xt    ^-^nse  short  pubescence  with  which  it 

-Ovcjrea.     Fii-  ^^^^te  3      -Ul enable  its  recognition. 

,4Tirfc+."hAr   ^op-O-    ,  .,/»i.  ..-i^oQ.         \ti  ^liTiof*  %r\  equally  important 
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enemy  of  the  Icerya  is  mentioned  by  Mr.  Trimen  in  an  article  in  the 
Cope  Argtvs  (Cape  Town,  South  Africa),  of  December  28,  1887. 

It  was  brought  to  his  notice  by  Mr.  George  Rex,  of  Knysna.  This 
is  one  of  the  Soldier-beetles,  and  was  determined  by  Mr.  Peringuey 
as  Telephorus  circumdahis.  It  is  described  as  a  narrow,  elongate  in- 
sect with  thread-like  antennsB  and  rather  long,  slender  legs;  the  head 
and  front  j'oint  of  the  thorax  are  small  in  proporti6n  to  the  rest  of 
the  body;  it  is  of  a  soft  consistency  throughout,  and  the  long,  narrow 
wing-covers  are  very  thin ;  the  color  above  is  dull  gray,  -sometimes 
with  a  dark-gray  stripe  doAvn  the  micldle  of  each  wing  cover ;  the 
head  is  blackish  and  the  under  side  of  the  body  is  dark  gray.  It 
measures  from  (5  to  9'""'  in  length.  According  to  Mr.  Rex,  this  beetle 
was  tirst  noticed  at  Knysna  during  1885,  and  attacked  the  Icerya  on 
some  orange  trees  with  such  effect  that  they  soon  cleared  them.  Dur- 
ing 1887  the  beetles  were  much  more  numerous  and  nearly  cleared 
the  scales  from  some  acacias  which  a  month  before  were  literally 
covered  with  the  pest.  The  larva  of  the  beetle  was  not  noticed,  and 
when  the  beetles  themselves  seemed  to  be  engaged  in  the  work  of 
destruction,  their  method  of  work  was  to  tear  open  the  white  scales 
and  devour  the  eggs. 

In  New  Zealand. — Predaceous  Insects, — Beyond  the  specimens  of 
Rodolia  iceryce  introduced  into  New  Zealand  we  have  no  definite  in- 
formation concerning  the  insect  enemies  of  the  Fluted  Scale  in  that 
colony.  Mr.  Wight  has  industriously  corresponded  with  a  number 
of  gentlemen,  who  have  informed  him  that  the  sac  was  being  destroyed 
in  their  respective  localities  by  certain  insects,  but  so  far  we  can  learn 
of  no  authoritative  specimens  having  been  received  and  determined 
up  to  the  present  time.  Concerning  the  introduction  of  the  Rodolia, 
we  quote  a  detailed  account  from  the  Okvgo  Witness  of  February  3, 
1888,  since  reprinted  in  Insect  Life  for  February,  1889: 

An  interesting  exi)eriment  is  being  conducted  at  Nelson  in  the  way  of  acclimatiza- 
tion. It  appears  that  some  of  the  finest  trees  in  and  about  Nelson  have  been  de- 
stroyed by  the  Wabble  Blight,  or  Austrahan  Bug.  Mr.  Tinline,  while  at  Cape  Town, 
read  there  a  pamphlet  by  Miss  Ormerod,  the  entomologist,  entitled  **  Notes  on  the 
Australian  Bug  (/.  purchatn)  in  South  Africa,"  which  stated  that  the  grubs  of  a  cocci- 
nellid,  or  lady-T)ird,  liave  been  observed  by  Mr.  Bairstow  to  do  much  good  by  destroy- 
ing the  young  Australian  bugs  just  at  hatching  time  within  the  sac  of  the  female. 
Of  these  Mr  Bairstow  says: 

**  The  (/occinella  is  by  far  our  best  friend.  It  is  proving  a  perfect  godsend  in  de- 
stroying the  perfect  youn^  in  7iidus  of  the  female  *  oug.'  The  larva  buries  itself  in 
the  gravid  female  and  completely  <lestroys  her  progeny,  the  dead  carcass  falling  to 
the  ground  ;  and  it  oats  the  'bug'  not  only  when  it  (the  Coccinella)  is  young,  but 
when  it  has  develo|>eil  to  beetlti  condition."  Mr.  Tinline  accordingly  wrote  to  a 
friend  in  Cape  Town,  asking  him  to  pixKure  some  of  the  lady-birds,  which  he  did,  and 
one  hundreil  and  twenty  of  the  little  beetles  were  caught,  put  into  a  bottle  with  a 

good  supply  of  the  "  bugs"  to  feed  upon,  and  ship|Ded  on  board  of  the  Tongariro. 
>n  arrival  in  New  Zealand  (paSvsagt?  i  wenty  to  twenty-two  days,  steamer)  it  was  found 
that  by  far  the  larger  number  of  tht^m  were  alive  and  healthy.  A  few  were  given 
to  Mr.  Maskell  in  Wellington,  arid  the  remainder  brought  on  to  Nelson.  Mr.  Mas- 
kelFs  advice  was  to  select  some  small  shrub  infested  with  the  blight,  cover  it  care- 
fully with  muslin,  and  then  turn  the  lady-birds  into  this  ca^e.  A  young  lemon  tree, 
to  wliich  the  bug  is  paying  great  attention,  was  selected  in  Mr.  Sharp's  garden  for 
the  purpose,  and  there  the  little  colony  of  lady-birds  is  to  all  apj)earances  thriving. 

Ik  Mexico. — Predaceoius  Insects, — Among  the  Hermosillo  speci- 
mens of  Icerya  mentioned  in  a  previous  paragraph,  Mr.  Koebele  found 
a  number  of  puparia  of  a  small  fly  which,  when  forwarded  to  Wash- 
ington, proved  to  be  those  of  a  species  of  Phora.  Although  the  flies 
of  this  genus  are  normally  scavengers,  and  seldom  if  ever  to  be  con- 
sidered as  true  parasites,  there  seems  to  be  little  doubt  that  this 
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Mexican  species  is  of  assistance  in  reducing  the  numbers  of  the 
Fluted  ScaiQ.  Mr.  Koebele  secured  from  Hermosillo  a  lot  of  about 
fifty  female  scales  with  egg-masses.  Although  some  of  the  scales 
were  still  living  and  remained  alive  in  his  possession  for  some  time, 
not  a  single  young  hatched  from  the  wliole  lot.  Empty  puparia  of 
the  Phora  were  found  in  -all  of  them,  five  within  a  single  egg-mass. 
Specimens  which  he  sent  to  us  at  Washington  show  that  the  egg-sac 
is  perfectly  empty,  and  that  the  body  of  the  mother  scale  was  partly 
devoured.  Later,  thirty  more  adult  females  of  Icerya  were  received 
from  Hermosillo.  All  except  six  were  living,  while  the  dead  ones 
had  eggs  as  well  as  young  in  their  e^g-sacs.  Twelve  puparia  of  the 
Phora  were  found  among  them.  Th^  adult  flies  were  bred  and  fed 
for  some  tim^  upon  slices  of  apple,  but  Mr.  Koebele  was  unable  to 
induce  theirt  to  oviposit,  although  he  kept  the  adults  alive  for  nearly 
a  month. 

Mr.  Koebele  also  received  in  his  last  lot  of  Hermosillo  specimens  an 
adult  Lady-bird,  which,  from  his  descri^)tion,  seems  to  nave  been  a 
small  specimen  of  Chilocorus  cacti,  Lpon  opening  the  box  Mr, 
Koebele  saw  it  seize  a  newly  hatched  scale  and  devour  it;  then  it  ate 
a  large  scale,  and  finished  up  with  a  Phora  puparium. 

In  Australia. — Predaceous  Insects. — We  have  received  from 
Australia  two  insects  which  prey  upon  Icerya,  both  of  which  are 
voracious  and  do  good  work,  and  botn  of  which  have  been  imported 
to  this  country.  The  first  of  these  is  a  Chrysopa,  very  similar  to  the 
one  found  in  California.  It  will  be  left  unnamed  and  undescribed 
for  the  same  reason  mentioned  under  the  head  of  the  California 
Natural  Enemies.  The  second  is  a  Lady-bird,  which  is  shown  at 
fig.  7,  Plate  X.  It  is  about  2.5  or  3"'"'  in  length,  slightly  longer  than 
broad,  with  the  wing-covers  of  a  dull-red  color  with  black  spots, 
as  shown  in  the  figure.  The  thorax  is  black,  and  the  whole  dorsal 
surface  is  coverea  with  white  pubescence.  The  underside  of  the 
insect  is  also  reddish,  and  the  legs  are  black  with  a  reddish  tinge 
toward  tips.  We  must  leave  its  determination  to  future  correspond- 
ence with  European  specialists. 

True  Parasites. — The  only  true  parasite  of  the  Fluted  Scale  yet 
found  in  Australia  is  the  now  well-known  Lestophamis  iceryat  Will- 
iston,  first  discovered  by  Mr.  Crawford,  of  Adelaide,  and  by  nim  sent 
in  small  numbers  to  this  country.  It  is  a  small  two-winged  fly,  a 
little  over  !•""'  long  and  of  a  deep  shining  blue  and  green  color.  The 
fly  lays  her  eggs  upon  the  body  of  the  scale-insect.  The  larvae  live 
within  the  bodjr  or  their  host,  a  large  number  in  one  female  Icerya, 
and  upon  reaching  full  growth  issue  through  small  holes.  As  many 
as  eleven  of  the  flies  have  been  seen  to  emerge  from  one  female  Icerya. 
The  insect  was  first  noticed  by  Mr.  Crawford  in  188G.  He  was  study- 
ing a  colony  of  Icerya  in  his  garden,  and  every  individual  was  de- 
stroyed by  this  parasite.  He  sent  specimens  to  Miss  Ormerod  in 
December,  1886,  and  wrote  to  us  about  it  in  February,  1887.  Miss 
Ormerod  forwarded  some  of  ihQ  specimens  received  by  her  to  us,  but 
they  were  badly  damaged,  and  it  was  not  until  the  early  summer  of 
1888  that  we  received  perfect  specimens  fit  for  description,  although 
Mr.  Crawford  had  meantime  written  us  several  letters  and  had  sent 
drawings  and  other  specimens.  The  complete  description  of  the  in- 
sect, with  the  figure  which  we  have  reproduced  upon  Plate  XI,  fig.  2, 
were  first  published  in  Insect  Life  for  July,  1 888  (Vol.  I,  No.  1,  p. 
21).  The  genus  is  a  new  one,  and  the  insect  belongs  to  the  subfamily 
OsciniiKB,  other  species  of  which  are  enemies  to  the  grain-groweil 


REPORT   OF   THE   ENTOMOLOGIST.  89 

The  Lestophoiius  is  not  confined,  however,  to  Icerya.  Mr.  Craw- 
ford reared  the  same  parasite  from  a  large,  undescribed  Coccid  of 
the  genus  Monophloebus,  which  has  since  been  described  by  Mr. 
Maskell,  in  honor  of  its  discoverer,  as  Monophloebus  craivfordi. 
This  large  bark-louse  supports  a  greater  number  of  parasites  than 
does  the  Icerya,  and  in  one  specimen  seventeen  holes  have  been 
counted  from  which  the  Lestophoni  emerged. 

THK  IMPORTATION  OF    PARASITES   AND    PREDACEOUS  INSECTS  FROM 

AUSTRALIA. 

In  our  1886  report  it  will  be  remembered  that  we  laid  some  stress 
upon  the  benefit  which  might  be  derived  from  the  importation  of 
parasites  from  Australia  to  California,  basing  our  argument  upon 
the  fact  that  the  two  most  destructive  scales  in  California  were 
evidently  of  Australian  origin.  We  stated  that  there  was  no  way 
in  which  the  Department  could  more  advantageously  expend  $1,000 
than  by  sending  an  agent  to  Australia  to  study  the  parasites  of  the 
species  there,  and  to  secure  them  and  transport  them  to  the  Pacific 
coast.  This  statement  was  repeated  with  some  elaboration  in  our 
address  before  the  California  State  Board  of  Horticulture,  at  River- 
side, in  April,  1887  (see  Bulletin  15  of  this  Division,  p.  25).  In 
February,  as  before  stated,  we  received  word  from  Mr  Crawford,  of 
Adelaide,  of  the  important  Dipterous  parasite,  and  mentioned  its 
occurrence  in  our  article  in  the  Pacific  Rural  Press  of  June  11, 1887, 
on  the  Origin  of  Icerya. 

We  were  absent  in  Europe  during  the  summer  of  1887,  and  during 
that  time  specimens  were  received  at  Washington  from  Mr.  Craw- 
ford; and  Mr.  Howard,  in  obedience  to  our  expressed  wish,  wrote 
requesting  him  to  endeavor  to  send  living  specimens  to  Mr.  Coquil- 
lett,  in  Los  Angeles,  in  order  to  attempt  to  acclimate  the  species. 
Meantime,  and  subsequent  to  our  reprint  of  Mr.  Crawford's  letter  in 
the  Pacific  Rural  Press  of  June  11,  as  we  have  since  learned,  Mr. 
Klee,  of  California,  also  wrote  to  Mr.  .Crawford  for  specimens.  In 
response  to  these  requests  Mr.  Crawford  very  generously  devoted 
considerable  time  and  trouble  to  the  matter,  and  was  able  to  secure 
through  his  personal  efforts  a  number  of  infested  specimens  of  both 
Icerya  and  Monophloebus,  which  were  forwarded  to  Messrs.  Coquil- 
lett  and  Klee.  The  specimens  which  came  to  Mr.  Klee  were  by  him 
turned  over  to  our  other  California  agent,  Mr.  Koebele,  and  both 
Mr.  Coquillett  and  Mr.  Koebele  endeavored  to  isolate  the  infested 
Australian  scales  under  covered  orange  trees  infested  with  Icerya, 
In  both  cases  a  few  specimens  of  the  Lestophonus  issued  under  cover, 
but  so  far  as  we  have  been  able  to  learn  no  evidence  of  oviposition 
or  propagation  by  these  confined  individuals  has  been  observed. 

It  was  evident  that  experiments  upon  so  small  a  scale  as  this  would 
have  by  no  means  the  same  chance  for  success  that  an  importation 
conducted  upon  a  very  much  larger  scale  would  have,  and  we  en- 
deavored to  find  some  means  of  securing  the  funds  for  the  purpose 
of  sending  an  agent  to  Australia.  A  clause  in  the  bill  appropriating 
for  the  Dei)artment  of  Agriculture  prohibited  the  payment  of  trav- 
eling expenses  outside  of  the  United  States,  and  it  seemed  for  a  time 
as  though  there  could  be  no  method  of  bringing  about  the  desired 
results  except  by  popular  subscription  among  the  orange-growers  of 
Oalifomia,  and  such  a  movement  was  in  fact  started.  Meantime  res- 
(dutions  were  passed  by  various  organizations  of  horticulturists  in 
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California  requesting  the  California  representatives  in  Congress  to 
endeavor  to  secure  legislation  here  which  would  enable  the  sending 
of  an  agent  at  Government  expense,  and  a  strong  effort  was  indeed 
made  in  this  direction,  principally  by  the  Hon.  C.  N.  Felton.  These 
efforts  were,  however,  unsuccessful  both  as  to  securing  a  specific  ap- 
propriation for  this  purpose  and  as  to  the  removal  of  the  restricting 
clause  respecting  foreign  travel  in  the  appropriation  bill  of  this  De- 
partment. Fortunately,  however,  through  the  kindness  of  the  Secre- 
tary of  State,  we  were  at  last  enabled  to  bring  about  the  desired 
result  through  the  fund  apj)ropriated  by  Congress  for  the  represen- 
tation of  this  country  at  the  Melbourne  Exposition.  This  fund  was 
placed  at  the  disposal  of  the  Secretary  of  State,  and  the  exigency  of 
this  parasite  expedition  was  brought  to  his  attention  and  his  consent 
was  obtained  to  the  sending  of  an  agent  particularly  for  the  purpose 
of  studying  and  collecting  the  parasites  of  Icerya.  Accordingly  Mr. 
Albert  Koebele,  who  had  for  some  time  been  stationed  in  California, 
and  who  was  thoroughly  familiar  with  all  the  phases  of  the  investi- 
gation of  the  Fluted  Scale,  received  full  instructions  and  sailed  on 
the  steamer  of  August  20  for  Australia. 

It  is  almost  too  early  to  express  any  definite  opinion  as  to  the  re- 
sults of  Mr.  Koebele's  mission.  That  he  has  been  most  industrious, 
and  that  he  has  been  successful  beyond  our  hopes  in  collecting  scale- 
insects  infested  by  the  Lestophonus,  may  be  stated  without  reserve. 
The  parasites  received  have  been  carefully  handled  by  Mr.  Coquil- 
lett — many  of  them  reared  and  liberated.  They  are  at  work  and 
multiplying,  and  the  outlook  at  present  is  most  favorable. 

We  fully  expect  to  learn  of  the  increase  and  rapid  spread  of  this 
new  introduction  as  well  as  of  some  of  the  other  predaceous  species 
which  have  been  introduced,  and  to  find  that  in  a  comparatively  few 
years  the  orange  groves  of  southern  California  will  be  kept  measur- 
ably freed  of  the  pernicious  Fluted  Scale  without  so  great  an  effort 
on  the  part  of  the  growers  or  so  great  expense  in  destroying  it. 
That  nature  will,  with  the  new  conditions  induced  by  these  impor- 
tations, come  to  the  relief  of  the  fruit-grower  and  that  this  interest- 
ing experiment  will  result  in  the  ultimate  saving  of  untold  millions 
to  the  people  of  the  Pacific  coast  is  our  sincere  belief  which  we  hope 
to  live  to  see  verified.  Not  that  we  expect  the  Icerya  to  be  ever 
entirely  exterminated ;  but  it  will  be  kept  under  subjection  so  as  to 
be  cornparatively  harmless,  as  it  is  in  its  native  country. 

Mr.  Koebele's  first  letter  describing  his  efforts  we  quote  in  full : 

So  far  m^  work  has  been  much  more  successful  than  I  expected.  I  not  only 
foimd  the  dipterous  parasite  within  Icerya  in  large  numbers,  but  also  three  preda- 
ceous larvsB  feeding  upon  the  ^gs  of  Icerya.  One  of  these  is  a  Chrysopa  larva, 
which  I  first  discovered  in  numbers,  it  having  almost  destroyed  all  the  eggs  of  the 
infested  Icerya  at  Mannam,  28  miles  up  the  Murray  River  from  Murray  Bridge  Sta- 
tion, South  Australia ;  the  others  are  larvae  of  a  sinall  Coccinella.  I  have  collected 
and  sent  with  this  steamer,  Mariposa,  probably  10,000  IceryaB,  of  which  at  least  50 
per  cent,  are  infested  with  the  dipterous  larvae  and  pupae.  Dr.  Schomburg,  director 
of  the  Botanical  Gardens  of  Adelaide,  kindly  furnished  me  with  a  Wardian  case,  in 
which  I  placed  three  yoimg  orange  trees  and  nine  of  Pittosporum,  securely  packed 
down.  The  Iceryae  were  placed  in  this  on  sticks  of  orange  placed  in  earth,  so  the 
smaller,  half -grown  insects  can  easily  crawl  up  on  the  fresh  plants,  and  the  lliea 
that  hatch  en  route  may  be  able  to  go  on  breedm^.  Beside  these,  I  send  a  large  lot 
in  tin  and  wooden  boxes,  chiefly  taken  off  of  twigs ;  these  latter  I  have  placed  in 
ice-box,  so  that  none  will  be  able  to  hatch  during  the  voyage.  As  it  looks  now — for 
all  are  on  steamer  already — ^the  latter  experiment  will  be  the  best  to  follow.  Not- 
withstanding the  care  and  labor  I  have  spent  in  getting  this  case  here  in  such  con- 
dition, I  fear  that  the  packages  will  suffer  greatly  t&ough  the  handling,  of  the 
steamer  hands.    However  it  may  be,  I  assure  you  that  succeao  will  attend  your 
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effort,  and  I  expect  to  land  several  thousands  of  flies  in  pupa  state  with  every 
steamer  landing  at  San  Francisco. 

In  regard  to  the  case  with  plants,  this  is  a  bulky  thin^,  weighing  240  pounds,  while 
the  same  number  of  scales  packed  in  boxes  would  make  only  a  few  pounds. 

The  most  difficult  matter  is  to  get  Iceryse  in  such  large  numbers.  As  yet  I  have 
found  them  only  in  private  ^rdens,  but  I  know  of  sufficient  for  another  sending. 

On  coming  on  here  I  also  discovered  the  ffies  within  Iceryee  in  Victoria,  and  am 
certain  that  they  will  be  found  all  over  Australia,  or  wherever  Icerya  is  present. 

They  are  not  only  parasitic  upon  Monophloebus  and  Icerya,  but,  I  am  almost  cer- 
tain, also  upon  Dactylopius.  1  found  many  empty  puparia  within  dried-up  Dac- 
^yiopius,  and  also  have  several  fresh  ones  at  Adelaide. 

Will  remain  in  New  South  Wales  for  about  a  week  or  so  and  make  a  careful  ex- 
amination of  the  ground,  then  proceed  to  Victoria  in  search  of  loerya,  but  will  be 
in  Adelaide  in  time  to  make  up  a  larger  shipment. 

This  shipment  was  received  by  Mr.  Coquillett,  at  Los  Angeles,  in 
the  best  or  conditions.  A  tent  had  been  placed  around  an  orange 
tree  in  anticipation  of  the  arrival  of  the  parasites.  The  boxes  were 
taken  inside  the  tent  and  opened.  Within  .a  few  days  60  specimens 
of  Lestophonus  has  issued.  In  the  Wardian  case  pf  living  plants 
were  found  living  Chrysopa  adults,  and  two  species  of  Coccmellid 
larvsB,  and  also  many  eggs  and  cocoons  of  Chrysopa.  The  Coccinel- 
lid  larvfiB  were  found  crawling  outside  the  case,  from  which  they  had 
emerged  through  cracks  in  the  putty.  When  transferred  to  the  orange 
tree  they  attacked  the  first  Icerya  they  caught.  The  arrangement  for 

{propagating  the  parasites  is  shown  at  Plate  VIII.     The  tree  under 
he  tent  is  abundantly  infested  with  Icerya,  and  the  parasites,  on  issu* 
ingj  find  the  conditions  almost  perfectly  normal. 

The  December  steamer  from  Australia  brought  Mr.  Koebele's  sec- 
ond lot  of  Australian  parasites  of  the  Cottony  Cushion-scale.  Mr. 
Koebele  had  informed  us  by  letter  that  he  had  forwarded  in  this  lot 
at  least  12,000  healthy  living  parasites,  mostly  in  the  pupa  state,  and 
we  had  every  hope  that  they  would  arrive  in  as  good  shape  as  the 
first  lot.  We  were  much  disappointed,  therefore,  to  learn  from  Mr. 
Coquillett  that  the  shipment  reached  him  in  very  poor  condition  on 
December  9,  three  days  after  the  publication  of  a  letter  from  Mr. 
Koebele  to  Mr.  Klee  which  came  on  the  same  steamer.  Mr.  Klee 
had  some  difficulty  in  netting  the  boxes  from  the  custom-house,  and 
wrote  Mr.  Coquillett  that  **when  he  got  them  the  boxes  were  all 
broken  up  and  had  evidently  been  repacked  since  Koebele  packed 
them  for  shipment."  When  Mr.  CoauUlett  received  them  there  were 
eight  tin  and  two  wooden  boxes;  '*all  of  the  tin  boxes  were  mashed 
flat  and  their  contents  were  very  moldy. "  There  was  in  them  only  one 
living  Lestophonus  and  one  or  its  parasites,  one  Coccinellid  beetle, 
and  a  Chrysopa  larva.  One  of  the  wooden  boxes  had  also  been 
broken  open.  .  Mr.  Klee,  writing  later,  explained  that  the  ice  in  the 
ice-house,  in  which  the  boxes  were  confined,  had  fallen  upon  the 

Kckages  and  smashed  some  or  most  of  them.  It  was  several  days 
fore  he  could  obtain  them  from  the  steamer,  and  the  contents  of 
those  boxes  which  were  partly  open  were  covered  with  mold.  He 
repacked  and  forwarded  them  as  soon  as  he  could. 

The  accident  of  the  falling  ice  it  was,  perhaps,  impossible  to  avoid, 
although  carelessness  on  the  part  of  the  steamer  hands  might  have 
been  at  the  bottom  of  it.  The  delay  on  the  part  of  the  custom-house 
authorities,  however,  was  no  accident,  and  we  at  once  took  steps  to  pre- 
vent its  recurrence.  The  Secretary  of  the  Treasury  very  courteously 
issued  an  order  to  the  collector  of  the  port  at  San  Francisco  to  allow 
fntore  packages  to  enter  free  of  duties  and  charges,  and  to  forward 
them  unopened  and  without  unnecessary  delay  to  Mr.  Cbquillett. 


92  EEPORT   OF   THE   COMMISSIOiraR   OF   AGRICULTURE. 

January  24  another  small  consignment  was  received  at  Los  Angeles 
from  Mr.  Koebele.  These  were  not  brought  over  on  ice,  and  the 
contents  of  the  boxes  were  in  good  condition,  not  being  moldy. 
There  were  about  50  living  Lestopjionus  iceryce,  30  adults  and  18 
pupsB  of  the  red  and  black  Coccinellid  previously  described,  and  28 
adults  and  20  larvae  of  another  species  of  Lady-bird. 

On  January  24  careful  examination  of  the  Fluted  Scales  under  the 
experimental  tent  showed  one  female  Icerya,  whose  body  was  notice- 
ably swollen,  as  if  infested  by  Lestophonus  larvae.  As  only  two 
months  had  elapsed  since  the  first  introduction  of  the  Lestophonus 
into  the  tent,  it  was  then  too  soon  for  any  of  the  larvae  issuing  from 
eggs  laid  by  females  under  the  tent  to  have  completed  their  trans- 
formations. The  finding  of  this  single  female  is  a  very  encouraging 
sign. 

A  secondary  Parasite  found, — We  were  much  disappointed,  al- 
though not  surj)rised,  to. learn  from  Mr.  Koebele's  December  letter 
that  he  had  discovered  a  parasite  of  the  Lestophonus.  It  was  rather 
to  be  expected  that  the  primary  Dipterous  parasite  would  have  its 
enemies,  but  it  was  none  the  less  a  discouraging  thing  to  learn  that 
there  really  was  one.  Mr.  Koebele  sent  a  series  of  pinned  specimens 
to  us  direct  from  Australia,  and  Mr.  Coquillett  also  forwarded  a 
series  which  he  secured  from  Mr.  Koebele's  second  sending  of  the 
primary  parasites.  This  secondary  parasite  is  a  very  strange  form, 
and  is  illustrated  at  Plate  IX,  fig.  2.  It  is  a  new  and  remarkable 
genus  of  the  peculiar  Chalcid  subfamily  Elasminee,  and  we  shall  de- 
scribe it  in  a  near  number  of  Insect  Life  under  the  name  Eiiryischia 
lestophoni,  by  which  name  it  may  now  be  called.  Mr.  Coquillett 
was  on  his  guard  against  this  parasite,  and  has  up  to  the  present 
time  exorcised  such  care  that  not  one  has  escaped. 

REMEDIES. 

The  conclusions  at  which  we  arrived  in  our  1886  report  are,  in  the 
main,  the  opinions  which  we  hold  to-day  relative  to  the  remedies  for 
Icerya.  We  still  have  the  same  distrust  of  strong  caustic  remedies, 
and  still  hold  to  our  conclusions  respecting  the  value  of  the  washes, 
of  which  the  kerosene-soap  emulsion  is  the  base.  In  our  report  for 
1887  we  published  an  account  of  some  additional  experiments  by  Mr. 
Koebele,  in  which  the  principal  feature  is  to  the  effect  that  the  ad- 
dition of  arsenious  acid  in  one  form  or  another  to  kerosene  emulsi- 
fied with  resin  compound  is  of  value,  as  wo  prophesied  in  our  River- 
side address  in  April,  1887.  Mr.  Coquillett,  under  instructions  from 
this  office,  has  conducted  most  careful  and  extensive  experiments  with 
the  gas  treatment,  and  in  our  report  for  last  year  some'  twenty  pages 
are  devoted  to  his  report.  We  also  in  that  report  figure  three  styles 
of  tents  which  are  used  in  California  for  inclosing  trees  and  con- 
fining the  gas  used. 

During  tne  summer  of  1888  he  conducted  further  experiments  in 
this  direction,  and  has  summarized  in  his  report  for  the  season,  which 
will  be  found  under  the  head  of  *' Reports  from  Agents,"  not  only 
his  own  experiments,  but  those  of  others,  and  has  given  us  a  good 
insight  into  the  present  status  of  the  gas  treatment.  It  seems  to  be 
coming  into  more  general  use,  and  is  giving  fairly  good  satisfaction. 
A  company  has  been  organized  for  the  purpose  of  operating  the  Cul- 
ver fumigator,  figured  upon  Plate  IV  of  the  1887  report,  and  several 
private  individuals  are  rigging  up  f  umigators  of  their  own  plaAning. 
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The  making  of  one  of  these  tents  is,  however,  a  very  expensive  thing, 
and  the  ai:)plication  of  gas  itself  is  also  costly.  In  fact,  we  see  no 
reason  for  revising  the  opinion  which  we  have  already  published  in 
the  December  number  of  Insect  Life,  that  thorough  and  persistent 
work  with  any  one  of  a  half  dozen  of  the  kerosene  and  resin  com- 
pounds will  prove  more  satisfactory  and  less  expensive  than  the  fum- 
igating process,  especially  on  young  trees  or  where  they  are  taken 
in  time.  The  experiments  made  hy  Mr.  Koebele  in  1886  and  1887 
demonstrated  the  efficacy  of  certain  of  these  washes  to  our  entire 
satisfaction,  and  we  fail  to  understand  the  general  discouragement 
among  many  of  the  orange-growers,  except  upon  the  ground  that 
our  previous  utterances  have  not  attracted  their  attention,  or  upon 
the  ground  that  such  experiments  as  they  have  made  have  not  boon 
thorough,  or  have  been  made  under  disadvantages. 

It  may  be  well  in  this  connection  to  state  that  we  have  been  in- 
formed from  California  correspondents  that  the  Culver-Keach  Fum- 
igating Company  is  claiming  the  patent  right  not  only  to  their  fum- 
igating tent  ana  apparatus,  but  to  the  process  Of  fun\igation.  We 
are  informed  by  the  Patent  Office  that  no  such  patent  has  been  issued 
to  this  company,  and  that  the  so-called  Hatch  patent  having  expired 
no  patent  can  be  issued  for  this  process. 


THE    HOP    PLANT-LOUSE. 
{Phorodon  humuli  Schrank.) 

Order  Homoptera  ;  family  Aphidid^. 

[Plates  n,  m,  rsr,  and  vn.] 

INTRODUCTION. 

During  the  summer  of  1883  we  were  first  able' to  pay  some  atten- 
tion personally  to  the  subject  of  insects  affecting  the  Hop,  and  in  the 
summer  of  that  year  we  also  had  an  agent,  Mr.  J.  B.  Smith,  visit  the 
hop  yards  in  the  neighborhood  of  Herkimer,  Water ville,  and  Coopers- 
town,  N.  Y.  The  results  of  his  investigations  were  published  in  JBul- 
letin  No.  4  .of  this  Division,  and  his  report  deals  chiefly  with  hop  in- 
sects other  than  the  Phorodon,  although  this  species  received  some 
attention.  Mr.  Smith  was,  however,  una,ble  to  add  any  authoritative 
facts  on  some  of  the  more  interesting  points  yet  in  dispute,  especially 
that  of  hibernation  and  migration. 

The  testimony  on  this  point  was,  owing  to  the  limitation  of  time 
which  he  could  give  to  the  matter,  for  the  most  part  at  second  hand, 
t.  e.y  from  the  more  reliable  hop-growers  whom  he  could  consult,  and 
his  conclusions  drawn  therefrom,  as  subsequent  evidence  proved, 
were  misleading.  The  fact,  however,  that  he  was  unable  to  definitely 
ascertain  the  winter  habitat  of  the  species  in  endeavors  to  find  it  in 
hop  yards  is  alV confirmatory  of  the  facts  subsequently  proved,  as  will 
herein  appear. 

During  the  summer  of  1886  this  insect  was  enormously  prevalent 
through  all  the  hop-growing  regions  of  New  York  and  Wisconsin. 
The  damage  was  very  great,  and  prices  of  hops  of  the  previous  year 
doubled  and  trebled.  American  hops  were  purchased  in  England 
and  reshipped  to  America.  We  were  absent  m  Europe  at  the  time, 
but  immediately  upon  our  return  to  this  country  we  commenced  an 
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investigation,  which  was  actively  carried  on  through  the  season  of 
1887  and  resumed  again  in  the  spring  of  1888,  resulting  in  the  accu- 
rate establishment  beypnd  all  doubt  of  the  facts  in  the  life  history  of 
this  insect  which  had  previously  been  in  dispute,  as  also  of  other 
species  which  affect  the  crop.  We  shall  publish  in  a  special  bulletin 
the  detailed  results  of  the  investigation,  and  present  here,  in  summa^ 
rized  form,  the  facts  relating  to  the  life  history  of  the  Hop  Phorodon 
only.  We  have  added  to  this  summary  a  report  by  one  or  our  assist- 
ants, Mr.  W.  B.  Alwood,  on  remedies  to  be  used  against  the  insect 
and  based  on  the  experiments  which  we  had  planned,  and  which  he 
had  in  charge,  during  the  summer  of  1887  at  Kichfield  Springs. 

These  experiments,  summarized  by  Mr.  Alwood,  were  made  only  in 
the  summer  upon  the  hop  plant ;  while,  as  will  appear  from  our  ac- 
count of  the  life  round  of  the  insect,  it  can  be  attacked  under  more 
favorable  conditions  and  with  preventive  results  at  another  season 
,and  in  another  place. 

REVIEW   OF    THE   LITERATURE. 

One  of  the  earliest,  if  not  the  earliest,  recorded  writings  on  the  Hop 
Aphis  is  an  article  by  J.  G.  Orth  (1755J),  entitled  ''Betrachtungen 
liber  die  Neffen  im  Kraute  und  die  kleiiien  Insekten,  welche  den 
Hopfen  verderben."  We  have  not  seen  tlie  article  in  question,  but 
give  it  on  the  authority  of  Hagen  (Biblioth.  Ent.,  p.  22). 

The  earliest  scientific  description  of  Aphis  (Phorodon)  humtdi  oc- 
curs in  the  Fauna  Boioa,  by  Franz  von  Paula  Schrank,  1801,  Vol.  II, 
p.  110,  where  the  following  characterization  is  given: 

Whitish-green,  unicolorous;  two  little  horns  at  the  anterior  end;  antennae  at  base 
with  a  tooth. 

Aphis  humuli. 

Habitat :  On  the  undei*side  of  the  hop  leaves. 

Note. — The  honey-tubes  nearly  parallel,  a  Uttle  inwardly  inclined. 
.     This  is  the  mildew  of  the  hop;  in  fact  an  indication  that  the  plant  is  diseased, 
but  not  the  cause  of  the  disease.  * 

Kirbyand  Spence,  in  their  Introduction  to  Entomology,  fourth 
edition,  1822,  Vol.  I,  p.  183,  refer  to  the  presence  of  the  Hop  Aphis  in 
South  England  in  1807,  and  more  particularly  to  the  very  great  num- 
bers of  Coccinella  species,  the  larva  of  which  preys  on  the  insect  in 
question. 

An  article  by  Rev.  F,  W.  Hope  (Trans.  Ent,  Soc,  London,  1835) 
discussing  methods  of  preventing  the  ravage  of  the  Hop-fly,  de- 
serves mention  only  to  point  out  the  singular  batch  of  errors  wliich 
it  contains.  Among  otliers,  he  supposed  that  the  flies  or  embryos 
passed  the  winter  on  the  poles,  and  hence  advised  the  use  of  new 

f)oles,  or  the  charring  of  old  ones  or  dipping  them  in  corrosive  sub- 
imate,  etc. 

In  1843,  J.  H.  Kaltenbacjh.  (Monographic  der  Familien  der  Pflanzen- 
lause,  pp.  36,  37),  describes  the  wingless  and  winged  forms  of  Aphis 
humuli  y  and  he  states  that  the  species  appears  to  be  rare  on  other 
food  plants,  but  that  he  has  found  it  on  the  Sloe  (Pyrus  spinosa), 

*  Hopfen  B.,  1199.  Weisslichtgrtin,  einfarbig;  zwey  Hornerchen  am  Vorderende; 
die  Fuhlhc^mer  am  Grunde  mit  einem  Zahne. 

Aphis  Humuli. 

Wohnort :  An  der  Unterseite  Hopfenbl&tter. 

Anm. — Die  Saftspitzen  fast  parallel,  eln  wenig  ein warts  geneigt. 

Dies  ist  der  Mehltliau  des  Hopfens;  in  der  That  eine  Anzeige,  dass  der  Stock 
Ejraak  sey,  aber  nicht  die  Ursache  der  Krankheit. 
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Francis  Walker,  in  the  Zoologist  of  1846,  Vol.  IV,  p.  1461,  gives  a 
very  good  description  of  young  and  winged  females,  making  no  men- 
tion, jQLOwever,  of  the  frontal  tubercles.  He  states  that  the  aphides 
are  most  abundant  in  hot  seasons,  and  recommends  a  change  of  soil 
and  burning  of  poles  every  year. 

In  the  Annals  and  Magazine  of  Natural  History  for  1848,  Vol.  I, 
second  series,  pp.  372  and  373,  Mr.  Walker  published  a  verv  interest- 
ing article  entitled  ''  Remarks  on  the  Migrations  of  Aphids,"  whioh 
seems  to  have  been  very  generally  overlooked  of  late.  In  this  ar- 
ticle Mr.  Walker  makes  the  statement  for  the  first  time  that  the 
Hop  Plant-louse  *' lives  permanently  and  aboriginally  on  the  Sloe, 
and  the  hop  grounds  now  provide  it  with  a  plentiful  provision  in  the 
summer."  He  goes  on  to  say  that  its  abundance  upon  the  Hop  is  de- 
pendent upon  the  proximity  of  the  Sloe  to  the  hop  yards,  and  that 
investigations  should  be  made  on  the  abundance  of  the  sloes  in  the 
vicinity  of  hop  yards  and  the  length  of  flight  of  the  Hop-louse,  iu 
order  tnat  in  time  all  sloes  may  be  removed  sufficiently  far  from  the 
hop  yards  to  confine  the  lice  to  the  former  plant. 

Mr.  Walker's  paper  attracted  some  attention  at  that  time,  as  is 
shown  by  the  mention  made  of  it  in  Mr.  William  Spence's  address  as 
president  of  the  Entomological  Society  of  London,  delivered  Jan- 
uary 22,  1849,  and  printed  in  part  in  the  Annals  and  Magazine  of 
Natural  History  for  April,  184i>.  Mr.  Spence  spoke  of  Mr.  Walker's 
observations  in  a  eulogistic  manner,  and  anticipated  the  entire  free- 
dom of  the  hop  yards  from  this  insect  as  a  result  of  the  discovery, 
stating  that  it  is  only  necessary  to  destroy  all  the  sloe  trees  in  the 
neighborhood  of  a  hop  yard. 

Both  Mr.  Walker's  cc^mmunication  and  Mr.  Spence's  address  were 
known  to  Dr.  F.  Ploinley,  who,  probably  as  a  result  of  these  com- 
munications, made  certain  original  observations  whioh  are  reported 
in  a  lecture  On  *'  Blights,  Aphids,  etc.,  including  th^  Hop-fly  and  its 
Elnemies,"  delivered  before  the  Weald  of  Kent  Farmers  Club,  July 
4,  1849.  This  lecture  was  printed  in  the  Maidstone  Journal  of  July, 
1849,  and  we  have  recently  been  able  to  secure,  through  the  kindness 
of  Mr.  Richard  Cook,  a  manuscript  copy  of  this  rare  article.  Dr. 
Ploinley  corroborated  Mr.  Walker  s  observations  and  actually  trans- 
ferred Aphids  from  the  Sloe  to  the  Hop  and  predicted  the  time  of  theix 
appearance  upon  the  hop  vines.  He  objected  to  Mr.  Spence's  con- 
clusions, however,  on  account  of  a  lack  of  knowledge  as  to  the  ex- 
tent of  the  flight  of  the  Aphids,  imagining  that  they  might  fly  verv 
great  distances.  He  also  supposes  that  other  species  of  Prunus  al- 
lied to  the  Sl()(^  might  supply  winter  quarters.  An  extract  from  this 
lecture  is  published  in  Morton's  Cyclopedia  of  Agriculture,  1856,  in 
an  article  on  tlie  Hop,  by  J.  M.  Paine,  and  from  this  source  Fitch 
(1865)  obtainiNl  liis  knowledge  of  Plomley's  observations. 

In  1857,  C.  L.  Koch  describes  and  figures  soine  of  the  forms  and 
records  the  miucration  of  the  Hop  Aphis  as  follows  :  "  Found  in  the 
last  days  of  May  on  the  young  shoots  and  on  the  underside  of  the 
leaves  of  Pninus  domestica,  insititia,  and  spinosa;  migrates  in 
June  to  the  underside  of  the  leaves  of  the  wild  and  cultivated  hops." 

The  Rural  Neio  Yorker  of  October  10,  1863,  on  the  authority  of 
Mr.  Walsh  {Practical  Entomologist,  II,  p.  41),  contains  the  statement 
that  the  Hop  Aphis  made  its  first  appearance  in  Oneida  and  Madi- 
son Counties,  New  York,  in  the  year  1863. 

Dr.  Asa  Fitch,  in  his  Tenth  Report.  Insects  of  New  York,  1864, 
discusses  the  Hop  Aphis  at  some  lengtn,  quoting  its  life  history  from 
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Paine's  article  in  Morton's  Cyclopedia.  He  states  that  the  lice  made 
their  appearance  suddenly  two  years  previous  [1862  (?)],*  explains 
the  honey  dew,  mentions  natural  enemies,  recommends  crushing 
by  hand,  syringing  with  soai)-suds,  and  fumigating  with  tobacco 
smoke.     He,  however,  makes  no  mention  of  any  migration. 

In  the  Country  Gentleman  of  August  3,  1865,  Fitch  reproduces 
Plomley's  statements,  already  given,  and  observes  that  the  Aphis 
pruni-mahaleh  has  been  proved  to  be  identical  with  humuli,  and  in- 
clines to  accept  the  migration  theory.  {Cf.  Lintner,  in  First  Re- 
port New  Yorlc  State  Entomologist.) 

In  the  Country  Gentleman  of  April  27,  of  the  same  year  (again  on 
the  authority  of  Lintner),  Fitch,  in  an  article  on  the  Hop  Aphis, 
states  that  the  species  was  first  observed  in  America  two  years  be- 
fore (1863). 

A  number  of  newspaper  articles  of  minor  importance  appeared  in 
the  two  or  three  years  following,  republishing  remedies  and  old  iac- 
counts  of  habits,  but  adding  no  new  facts  to  the  life  history. 

F.  Walker,  in  the  Zoologist  (London),  second  series,  1868,  gives  a 
translation  of  Passerini's  systematic  arrangement  of  Aphidse,  and  on 
page  10o3  gives  the  table  of  Phorodon,  including  Ph,  hnmuli.  In 
the  note  to  this  species,  Mr.  Walker  says  that  its  history  is  still  in- 
complete ;  "it  migrates  from  the  sloe  to  the  hop  and  dwells  there 
awhile  and  is  called  the  Hop-fly,  and  then  returns  to  the  sloe." 

Buckton,  1876,  Monograph  of  the  British  Aphides,  Vol.  I,  p.  73, 
reproduces  without  comment  Walker's  statement  regarding  the  mi- 
ration of  Ph,  humuli,  and  quotes  Walker  as  authority  for  the 
identity  of  Ph.  humuli  with  Aphis  {Phorodon)  mahaleb.  He  gives 
Passerini's  dissenting  opinion,  Jiowever,  and  inclines  to  believe  that 
the  latter  species  is  only  a  variety  of  the  former.  The  apterous 
viviparous  female  and  the  winged  viviparous  female  of  Ph.  humuli^ 
var.  mahaleb  (?),  are  described  on  pages  168,  169. 

Cyrus  Thomas,  Bull.  No.  2,  111.  State  Laboratory  of  Nat.  Hist., 
1878,  p.  9,  gives  a  diagnosis  of  the  genus  Phorodon,  and  simply 
catalogues  Ph.  humuli  with  Ph.  pruni-mahaleh  as  a  Sjyrnonym,  add- 
ing, "the  well-known  and  injurious  Aphis  of  the  Hop  vine ;  the  cause 
of  the  ^Blight.'" 

Again,  in  his  Third  Report  on  the  Insects  of  Illinois  (8th  in  series 
1879),  Thomas  gives  a  description  (p.  69)  of  Ph.  humuli  (quoting 
from  others  its  life  history  and  haoit)  ;  and  on  page  72  describes 
Ph.  humuli  var.  mahaleb  and  refers  to  it  as  being  common  in  May 
and  June  on  the  Sloe.  In  the  description  of  both  forms  nothing 
whatever  is  said  of  the  migration  of  the  Hop-louse. 
.  In  1881  {Am.  Nat. ,  XV,  pp.  819, 820)  we  discussed  Lichtenstein's  com- 
munication on  the  migration  of  Aphids  from  one  plant  to  another, 
and  spoke  in  this  cbnnection  of  Ph.  humuli. 

J.  Lichtenstein,  remarking  on  Buckton's  British  Aphides  in  the 
ErUomologisVs  Monthly  Magazine^  Sept.  ,'1883,  pp.  79,  81,  expresses 
his  astonishment  that  Buckton  did  not  try  to  follow  Ph.  humuli 
from  the  Plum  to  the  Hop,  and  states  that  he  has  succeeded  him- 
self in  transplanting  the  species  from  the  Plum  to  the  Hop.  Phoro- 
don mahaleb  he  considers  to  be  merely  a  different  stage  of  develop- 
ment of  Ph.  humuli. 

One  of  the  most  elaborate  articles  published  on  the  subject,  and 
one  of  the  first  to  view  it  from  an  economic  side,  was  that  given  by 

♦  Probably  1863,  as  the  report  wa«  not  published  till  1865. 
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Ormerod  in  her  report  for  the  year  1885  (London,  1885).  Miss 
Ormerod,  in  this  article,  which  is  printed  upon  pages  43  to  56  of  said 
report,  reviews  the  literature  and  devotes  much  space  to  the  consid- 
eration of  remedies,  and  concludes  that  the  insect  hibernates  at  the 
roots  of  the  Hop,  as  well  as  upon  Damson  and  Sloe,  and  that  the 
summer  attack  originates  both  from  wingless  females,  which  go  up 
from  the  ground,  and  from  winged  females,  which  fly  in  from  the 
other  trees.  Upon  this  belief  she  bases  certain  remedial  measures  in 
the  way  of  treating  the  ground  about  the  Hop  plants  in  the  late  fall 
for  the  destruction  of  those  individuals  which  hibernate  upon  the 
rooi»;  and  her  article  no  doubt  largely  contributed  to  the  very  gen- 
eral wrong  impression.  Miss  Ormerod's  conclusions  were  not  founded 
upon  her  observation  of  Phorodon  hibernating  in  this  location,  but 
were  founded  upon  hearsay.  We  have  thus  commented  on  her  con- 
clusions in  a  paper  read  at  the  meeting  of  the  British  Association 
for  the  Advancement  of  Science,  at  Manchester,  September  3,  1887: 

**So  far  as  her  own  careful  observations  are  concerned  they  fully 
accord  with  the  facts  here  set  forth;  but  on  the  authority  of  others, 
and  especially  on  the  evidence  of  Mr.  C.  Whitehead,  who  reported 
finding  young  lice  and  large  viviparous  females  on  hop  shoots  as 
early  as  March  29,  and  that  of  Mr.  A.  Ward,  who  experimented  with 
surface  dressings  near  Hereford,  Miss  Ormerod  concludes  that  attack 
on  the  Hop  begins  in  spring  from  wingless  females  which  come  up 
from  the  hop  hills,  and,  as  a  corollary,  tnat  dressings  to  jjrevent  such 
ascent  are  strongly  to  be  recommended.  It  is  quite  within  the  range 
of  possibility,  and  what  is  known  of  aphid  life,  that  where  the  win- 
ters are  mild,  with  scarcely  any  frost,  this  Phorodon  may  continue 
on  the  Hop  from  one  year  to  another  in  the  parthenogenetic  condition. 
If  such  is  ever  the  case  in  England  you  have  a  somewhat  different 
set  of  facts  to  deal  with  here  from  what  we  have  in  America.  But 
for  the  reasons  already  stated  in  abstract,  from  many  other  detailed 
observations  which  it  would  be  tedious  to  record  here,  as  well  as 
from  the  ease  with  which  erroneous  conchisions  are  arrived  at  in  en- 
tomological matters  of  this  kind  where  not  checked  and  proved  by 
the  most  competent  and  careful  study,  I  shall  be  inclined  to  believe 
that  the  facts  in  England  are  essentially  the  same  as  I  have  found 
them  in  America,  until  convincing  and  trustworthy  evidence  to  the 
contrary  be  forthcoming.  Mr.  Whitehead  may  have  had  another 
species  under  observation,  and  Mr.  Ward's  surface  dressings  may 
have  acted  by  repelling  the  winged  female 'migrating  from  Prunus 
in  the  same  way  that  buckwheat  sown  among  the  hops  is  believed  to 
do  with  us." 

The  next  year  (1886)  Mr.  Charles  Whitehead  published  a  report  on 
insects  injurious  to  Hop  plants  (London,  1885),  under  the  Agricultural 
Department  of  the  Privy  Council  Office.  This  is  a  pamphlet  of  some 
thirty  pages,  and  his  conclusion  respecting  hibernation  is  that  "the 
Aphid  deposits  its  eggs  in  the  ground  hard  by  the  hop' plants  or  upon 
the  short  pieces  of  bine  that  are  left  upon  the  Hop  stocK  and  upon  the 
bines  that  are  subsequently  carried  away  for  litter." 

Immediately  upon  our  return  from  Europe  in  the  fall  of  1886  we 
visited  the  Hop  yards  around  Richfield  Springs  and  published  a  note 
m  the  Richfield  Springs  Mercury  for  September  20  announcing  the 
discovery  of  the  winter  eggs  on  tne  Plum  and  giving  a  brief  account 
of  our  iaeas  as  to  the  life  history  of  the  pest.  A  number  of  news- 
paper articles  were  published  during  the  winter,  as  was  natural  from 
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the  great  damage  done  in  the  summer  of  1886,  and  some  dissent  from 
our  views  was  expressed. 

Dr.  J.  A.  Lintner,  in  the  Country  Oentleman  for  May  19,  1887, 
announced  the  discovery  of  an  Aphid  at  the  roots  of  the  Hop  vine 
in  Oneida  County.  He  deterinined  it  as  belonging  to  the  Khizo- 
biidae,  and  stated  that  it  was  not  impossible  that  this  insect  might 
develop  into  the  Hop-louse,  and  that  in  his  opinion  the  existence  of 
a  winter  generation  upon  roots  was  not  incompatible  with  the  hiber- 
nation of  a  portion  of  the  brood  in  the  Qgg  state  on  the  Plum  trees. 

In  the  Water ville  Times  and  Reflex  for  June  17,  1887,  we  gave  an 
account  of  the  settling  of  the  Hop  yards  by  the  lice  from  Plums  and 
discussed  Mr.  Lintner's  article  snowing  that  the  insect  found  upon 
the  rOots  was  a  Pemphiginid,  probably  of  the  genus  Schizoneura, 
and  that  it  was  impossible  for  this  insect  to  develop  into  a  Phorodon. 
This  article  was  a  lengthy  one  and  attracted  considerable  attention, 
and  our  views  as  to  the  hibernation  upon  Plum  and  the  migration 
to  and  from  Hop  were  attacked  by  several  writers,  notably  E.  P. 
Powell,  in  the  Rural  New  Yorker,  and  a  writer  signing  sim^^ly  the 
initials  "J.  F.,"  in  the  Country  QenUeman,  The  latter  writer,  in  an 
article  published  August  18, 1887,  quotes  extensively  from  Mr.  Smith's 
report  in  Bulletin  4,  previously  referred  to,  in  support  of  his  view 
that  the  lice  hibernate  at  the  roots  of  the  Hop,  and  this  i^turally  called 
forth  an  article  from  Mr.  Smith,  which  was  published  in  the  Country 
QenUeman  two  weeks  later,  in  which  he  denied  special  knowledge 
of  the  subject  and  stated  that  his  conclusions  were  oased  upon  hear- 
say.    He  also  expressed  his  agreement  with  our  later  conclusions. 

At  the  meeting  of  the  Society  for  the  Promotion  of  Agricultural 
Science  held  in  New  York  in  August,  1887,  we  read  a  paper  giving 
the  results  of  our  investigations  up  to  that  time,  carrying  tne  life 
history  of  the  insect  down  to  the  ninth  generation.  This  paper  was 
printed  in  full  in  the  Proceedings  of  the  Society. 

September  2,  1887,  we  read  a  paper  before  the  British  Association 
for  me  Advancement  of  Science,  at  Manchester,  England,  in  whioh 
we  covered  much  the  same  ground.  In  the  Gardeners  Chronicle 
for  October  22,  1887,  we  gave  an  account  of  the  concluding  observa- 
tions of  the  season  as  made  by  us  in  the  Hop  yards  in  the  vicinity  of 
Maidstone,  England,  and  reviewed  the  entire  life  history  of  the  in- 
sect, suggesting  remedies  and  calling  attention  to  the  previous  differ- 
ences of  opinion  regarding  the  relationship  between  the  Hop  Phorodon 
and  the  form  upon  Prunus. 

November  17,  1887,  Mr.  Howard,  in  an  extended  article  in  the 
Country  Gentleman,  recorded,  at  our  instance,  the  facts  obtained  by 
our  assistants  in  the  hop  fields  of  central  New  York  subsequent  to 
August  1,  completing  the  life  round  in  America  and  quoting  from 
letters  received  from  us  the  results  of  our  parallel  observations  in 
England. 

In  March,  1888,  we  read  a  paper  before  the  Philosophical  Society 
of  Washington  entitled  "Some  Recent  Entomological  Matters  of 
International  Concern,"  in  which  we  also  gave  a  summary  of  the  re- 
sults of  the  investigation.  This  paper  was  published  with  illustra- 
tions in  Insect  Life  for  November,  1888.  In  addition,  we  read  in 
August,  1888,  before  the  Society  for  the  Promotion  of  Agricultural 
Science  at  the  Cleveland  (Ohio)  meeting,  a  paper  entitled  "Further 
Notes  upon  the  Hop  Plant-louse,"  which  supplemented  that  read  at 
the  1887  meeting  in  New  York  and  which  is  published  in  the  Pjx>- 
ceedings  of  the  Society  for  1888,  pages  65  to  69, 
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It  is  evident,  from  this  review  of  the  literature,  that  while  the  fact 
of  the  miKration  was  insisted  upon  as  early  as  1848  (although  the 
exact  details  of  the  observations  made  by  Walker  are  nowhere  given), 
the  fact  was  considered  as  subject  to  strong  doubt,  and  was  dis- 
cussed as  an  open  question  by  all  writers  subsequent  to  the  pajx^r  of 
KiX5h  refeiTed  to  above.  The  only  accurate  records  of  ol)servation8 
published  up  to  the  time  of  our  own  are  those  briefly  menti(nied  by 
Dr.  Plonaley  in  his  lecture,  and  these  have  seldom  been  referred  to 
since.  It  was  in  this  position  of  disputation  and  great  doubt  as  to 
the  actual  facts  that  we  began  our  investigation.  We  were  un- 
familiar with  Dr.  Plomley's  rare  lecture  imtil  last  summer,  after  our 
investigation  had  been  entirely  completed;  and  while  we  must  con- 
fess that  this  writer  arrived  at  a  very  accurate  view  of  the  facts,  so 
far  as  his  observations  went,  the  extended  and  full  observations 
which  we  have  carried  on  were  none  the  less  necessary  to  settle,  not 
only  the  one  great  mooted  point  of  mode  of  hibernation,  but  also  to 
set  forth  upon  incontrovertible  facts,  based  on  careful  observation, 
the  full  life  cycle  of  the  species. 

LIFE  HISTORY. 

Of  the  summaries  which  we  have  already  published  and  which 
are  mentioned  in  the  nrecediuR  review  of  the  literature,  that  printed 
in  Insect  Life  is  well  adapted  to  our  present  purpose,  and  we  here 
reprint  it  with  slight  change  : 

I  have  for  some  years  desired  to  settle  a  question  that  has  been  mooted  s^m^t^g 
entomologists,  as  also  among  hoiHgrowers,  viz,  the  mode  of  hibernation  of  the  spe- 
cies ;  for  while  some  of  the  earliest  writers  upon  aphidology  have  believed,  and 
even  stated,  that  there  was  a  form  of  this  insect  that  occurred  in  autunm  on  the 
Damson  in  Europe,  the  statement  has  been  as  confidently  controverted  and  the  fact 
denied  by  some  of  the  highest  authorities  in  the  family.  Hop-growers  as  a  clasB 
have  generally  pooh-poolied  the  idea.  Yet,'  from  my  own  experience  with  other 
species  of  the  family  and  with  their  singular  life  history  and  migrations  from  one 
plant  to  another,  I  had  for  some  time  felt  convinced  that  Phorodon  humuH  also 
must  have  some  other  winter  resting  place  than  the  hop  vine,  and  after  very  careful 
and  persistent  investigation,  in  which  I  have  had  the  co-operation  of  several  of  my 
aasistants,  the  question  has  been  fully  and  thoroughly  settled. 

The  facts  in  the  life  history  of  this  insect,  theref(M:e,  may  be  summed  up  as  fol- 
lows: Hibernating  at  the  present  seasom  of  the  year,  the  little  glossy,  blact,  ovoid 
eggs  of  the  species  are  found  attached  to  the  terminal  twigs,  and  especially  in  the 
more  or  less  protected  crevices  around  the  buds,  of  different  varieties  and  species 
of  Prunus,  hotli  wild  and  cultivated.  From  this  winter-egg  there  hatches  a  stem- 
mother  (Plate  n.  Fig.  2),  which  is  characterized  bv  being  somewhat  stouter,  with 
shorter  legs  and  honey  tubes  than  in  the  individuals  of  any  other  generation. 

Three  Mrthenogenetic  generations  are  produced  upon  Prunus,  the  third  becoming 
winged  (Plate  II,  Fig.  4).  This  last  is  what  my  late  friend  Lichtenstein  called  the 
meudogyna  or  migrant,  and  it  instinctively  flies  to  the  hop  plant,  which  is  entirely 
firee  from  attack  during  the  development  of  the  three  generaticms  upon  Plum.  A 
nmnber  of  parthenogenetic  generations  are  produced  upon  the  Hop  until  in  autunm, 
and  particularly  during  the  month  of  September  winded  females  are  again  pro- 
duced. This  is  the  pupifera  of  Lichtenstein  or  return  migrant,  and  she  instinctively 
returns  to  the  Plum.  Here  she  at  once  settles  and  in  the  course  of  a  few  days, 
according  as  the  weather  permits,  produces  some  three  or  more  young.  These  are 
d.fftined  never  to  become  winged  and  are  true  sexual  females  (Plate  IV,  Figs.  4  and  5). 
Somewhat  later,  on  the  Hop,  the  true  winged  male  (Plate  IV,  Figs.  2  and  3),  the  only 
nude  of  the  whole  series,  is  developed,  and  these  males  also  congregate  upon  the 
Plum,  on  the  leaves  of  which  toward  the  end  of  the  season  they  may  be  found 
pairing  with  the  wungless  females,  which  stock  the  twigs  with  the  winter-eggs 
{Pie^  II,  Fig.  1,  and  Plate  IV,  Fig.  6).  Such,  briefly,  is  the  life  history.  Twelve 
fenerations  may  be  produced  during  the  year,  but  there  is  great  irregularity  in  the 
dev^^pment  of  these  generations  and  the  return  migrant  from  the  Hop  is  pro- 
doood  at  the  end  of  the  season  whether  from  individuals  of  the  fourth  or  nfth 
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generation,  or  of  the  twelfth.  As  I  have  remarked  elsewhere*  **  each  partheno- 
genetic  female  is  capable  of  producing  on  an  average  one  hundred  young  (the 
stem-mother  probably  being  more  proline),  at  the  rate  of  one  to  six,  or  an  average 
of  three  per  day,  under  favorable  conditions.  Each  generation  begins  to  breed 
about  the  eighth  day  after  birth,  so  that  the  issue  from  a  single  individual  easily 
runs  up,  in  the  course  of  the  smnmer,  to  trilUons.  The  nuniber  of  leaves  (seven 
hundr^  hills,  each  with  two  poles  and  two  vines)  to  an  acre  of  hops,  as  grown 
in  the  United  States,  wiU  not,  on  the  average,  much  exceed  a  million  before  the 
period  of  blooming  or  burning  ;  so  that  the  issue  from  a  single  stem-mother  may, 
under  favoring  circumstances,  blight  hundreds  of  acres  in  the  course  of  two  or 
three  months. 

**  While  meteorological  conditions  may  materially  affect  the  increase  and  power 
for  injury  of  the  species,  these  are  far  more  truly  predetermined  and  influenced  by 
its  natural  enemies,  many  of  which  have  been  studied  and  will  be  described. 

**The  slight  colorational  differences,  as  also  the  structural  differences,  including 
the  variation  in  the  tubercles  or  cornicles  on  head  and  basal  joints  of  antennee, 
whether  upon  Plum  or  Hop,  are  peculiarities  of  brood  and  have  no  specific  impor- 
tance whatever. 

"  The  exact  knowledge  thus  gained  simplifies  the  i)rotection  of  the  hop  plant  from 
Phorodon  attack.  Preventive  measures  should  consist  in  destroying  the  insect  on 
Plum  in  early  spring  where  the  cultivation  of  this  fruit  is  desired,  and  the  extermi- 
nation of  the  wild  trees  in  the  woods  wherever  the  hop  interest  is  paramount ;  also 
in  avoiding  the  introduction  of  the  pest  into  new  hop  countries  in  the  egg  state  upon 
plum  cuttmgs  or  cions.  Direct  treatment  is  simplified  by  the  fact  that  the  careful 
grower  is  independent  of  slovenly  neighbors,  infection  from  one  hop  yard  to  another 
not  taking  place. 

"  The  taring  of  these  facts  will  probably  best  be  brought  home  by  the  statement 
that  hitherto  hop-lowers  have  been  groping  in  the  dark  and  working  to  prevent 
injury  by  applications  to  the  soil.  In  fact,  the  English  hop-growers  have  been  led 
by  their  very  best  authorities  to  waste  their  energies  in  this  direction.  The  impor- 
tance of  the  matter  will  appear  when  I  state  that  the  hop  crop,  which  is  quite  an  im- 
portant one  in  some  parts  of  this  country,  and  especially  important  in  some  parts  of 
Europe,  annually  suffers  from  the  ravages  of  this,  its  worst  insect  enemy,  and  some 
years  is  rendered  a  total  failure  by  it.  Further,  that  some  parts  of  this  coimtry,  as 
the  Pacific  coast,  are  yet  free  from  it  and  that  hop-growers  there  by  being  forewarned 
may  prevent  its  introduction  from  the  East  or  from  Europe,  as  there  is  very  little 
doubt  in  my  mind  but  that  the  insect  has  been  introduced  from  one  country  to 
another  in  the  egg  state  upon  Plum  scions,  as  it  may  easily  be  transported  from  place 
to  place  in  this  manner.  I  had  the  pleasure  during  September  and  the  early  part  of 
last  October  to  finish  up  the  investigation  and  follow  out  the  closing  scenes  in  the 
life  history  of  this  species  in  the  county  of  Kent,  England,  while  some  of  my  assist- 
ants were  doing  the  same  thing  in  Herkimer  County.  N.  Y.,  and  the  facts  independ- 
ently obtained  correspond  in  a  remarkable  manner,  thus  confirming  and  strengthen- 
ing the  conclusion  which  I  have  indicated  to  you.** 

The  round  of  the  insect's  life  is  thus  perfectly  plain,  and  the  prin- 
cipal facts  ascertained  during  the  year  1887  and  the  spring  of  1888 
are  thus  briefly  summarized  in  our  communication  to  the  Society  for 
the  Promotion  of  Agricultural  Science,  already  alluded  to  : 

1.  The  insects  begin  getting  wings  in  autumn  irrespective  of  generation.  These 
winged  females  may  either  come  from  the  fifth  generation  of  the  year  or  as  hiKh 
as  the  thirteenth,  thirteen  generations  having  been  followed  during  the  year  1887. 

2.  The  males  uniformly  appear  after  the  females  and  after  the  hop  crop  is  har- 
vested. Hence  it  becomes  extremely  important  to  destroy  by  fire  or  by  tliorough 
drenching  with  a  strong  kerosene  emulsion  all  the  hop  vines  as  soon  as  possible  after 
the  crop  is  harvested.  This  would  cut  off  the  larger  bulk  of  the  males  so  that  there 
would  DC  little  or  no  impregnation  of  the  sexual  females,  which  are  for  the  most 
part  at  that  time  already  on  the  Plum. 

Another  interesting  fact  is  worthy  of  record  here  ;  it  is  the  small  proportion  of 
eggs  which  survive  the  winter.  In  the  fields  and  orchards  where  my  observations 
were  made  in  England  some  trees  were  literally  covered  with  eggs,  and  I  brought  a 
number  of  them  with  me  to  this  country.  The  same  was  true  of  the  plum  trees  in 
New  York  which  were  under  observation  by  my  assistants.  Some  of  them  were 
literally  covered  with  winter  eggs.  I  watched  them  carefully  not  only  by  means  of 
those  brought  with  me  from  England,  but  of  others  brought  from  New  York  in  the 
late  fall  or  early  winter,  and  still  other  specimens  repeatedly  received  during  the 

*  Paper  read  before  the  British  Association,  Manchester,  September  2,  1887. 
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winter  from  Richfield  Springs.  As  tlie  liatching  period  approached  I  was  qmte 
flurprised  to  find  how  many  of  the  eggs  shriveled  up  and  perished.  I  also  made  it  a 
point  to  be  on  the  spot  as  soon  as  vegetation  began  at  Richfield  Springs  and  found 
there,  in  a  state  of  nature,  the  same  mortality  among  the  eggs.  The  large  majority  of 
them  that  had  escaped  natural  enemies  had  perished  by  shrinking  and  shrivelmg. 
Again,  the  stem-mothers  which  hatched  on  Plum  last  spring,  though  they  were  few 
compared  with  the  number  of  eggs  that  had  been  provided,  were  for  the  most  part 
lost  through  storms  or  the  working  of  natural  enemies,  so  Ihat  a  very  small  propor- 
tion succeeded  in  developing.  A  number  of  additional  interesting  detailq  of  an  en- 
tomological character  have  been  obtained  since  tlje  last  meeting  of  the  society,  but 
they  will  be  brought  together  in  a  forthcoming  bulletin  from  the  Department  of 
Amculture. 

The  whole  record  has  been  rendered  the  more  difficult  by  virtue  of  the  occur- 
rence of  a  very  closely  allied  species  {Phorodon  mahaleb)  wliich,  though  hatching 
at  the  same  time  as,  and  very  similar  to,  humuli,  does  not  migrate  to  the  Hop,  but 
goes  to  various  other  plants  of  no  importance  in  cultivation. 

We  have  shown  upon  Plates  II,  III,  and  IV  the  principal  stages  of 
the  insect  in  its  diiierent  generations,  and  particular  description  in 
this  connection  is  not  necessary. 

REMEDIES. 

We  have  indicated  in  a  i)assage  quoted  above  from  our  British 
Association  paper  that  the  discoveries  just  recorded  greatly  sim- 

filif y  the  matter  of  remedies.  Three  important  facts  are  patent :  (1) 
twill  pay  to  make  a  preventive  application  of  some  one  of  the  mixt- 
ures mentioned  further  on,  with  apparatus  there  described,  to  all 
plum  trees  in  the  neigliborhood  of  hop  yards,  either  (a)  in  the  spring 
oefore  the  appearance  of  the  first  winged  generation  and  its  conse- 
quent migration  to  Hop,  or  (b)  in  the  Fall  after  hop-picking  and  after 
tne  licer  have  once  more  returned  to  the  Plum  and  are  making  their 
preparations  for  the  laying  of  winter-eggs.  The  latter  time  wiu,  per- 
naps,  be  preferable,  for  the  reason  that  in  the  Fall  the  plum  trees 
win  be  less  susceptible  to  the  action  of  the  washes  and  a  stronger 
solution  can  be  applied  without  damage  to  the  trees.     (2)  All  wild 

Slum  trees  in  the  woods  through  a  hop-growing  country  should  be 
estroyed.  (3)  The  Hop  vines  should  be  either  burned  or  thoroughly 
drenched  with  kerosene  emulsion  as  soon, after  the  crop  is  harvested 
as  possible. 

If  these  measures  are  carefully  followed  comparative  exemption 
from  lice  may  confidently  be  expected. 

As  to  actual  summer  field  work  where  these  precautions  have  been 
neglected  and  where  the  lice  have  abundantly  infested  a  given  field, 
we  here  present  a  report  of  a  series  of  experiments  made,  imder  direc- 
tion, by  Mr.  Alwood,  at  Richfield  Springs,  N.  Y.,  during  the  sum- 
mer of  1887,  and  from  which  it  will  oe  seen  that  it  is  possible  at  a 
comparatively  slight  cost  to  spray  the  yard  with  a  mixture  which 
will  destroy  tne  lice  without  injuring  the  crop. 

It  will  be  noticed  that  of  all  the  different  substances  experimented 
with  none  gave  more  satisfaction  than  properly  prepared  kerosene 
emulsions  or  fish-oil  soaps,  and  that  when  properly  used  they  are 
entirely  satisfactory.  This  is  very  much  what  we  anticipated  would 
be  the  case.  Of  a  number  of  other  substances  experimented  with 
by  Mr.  Alwood,  such  as  "Australian  Garden  Wash,"  "Larvaline," 
"Buhach"  and  other  brands  of  Pyrethrum,  "  Vick's  Insect  Powder/' 
Sulphuretted  Lime-water,  and  Sulphide  of  Potassium,  no  detailed 
report  is  given,  for  the  simple  reason  that  they  proved  impractical 
<m  a  lar^  scale^  and  the  details  of  the  experiments  are  omitted  for 
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the  sake  of  brevity.  With  regard  to  spraying  nozzles  the  Riley  or 
Cyclone  nozzle,  with  properly  adjusted  outlet,  has  every  advaiitage 
for  use  at  the  proper  season,  i,  e,,  early  in  the  summer  when  the 
insects  have  just  begun  to  spread  and  before  the  vines  are  too  tall 
or  when  a  good  deal  of  under-spraying  is  necessary ;  while  later  in 
the  season  when  the  vines  have  reached  the  top  of  the  poles  and 
more  force  and  more  direct  spray  upward  are  necessary,  some  more 
direct  end-discharge  nozzle  like  the  Climax,  giving  greater  force 
and  volume  than  can  ordinarily  be  given  by  the  Cyclone  nozzle,  is 
better. 


REPORT  ON  EXPERIMENTS   WITH   REMEDIES    AGAINST    THE  HOP- 
LOUSE. 

By  W.  B.  Alwood,  Assistant. 

LETTER  OF  SUBMITTAL. 

Sni:  The  following  general  account  of  my  observations  and  experiments  relating 
to  the  Hop  Aphis,  conducted  under  your  direction,  and  in  part  with  your  person^ 
superintendence  in  the  field,  is  hereby  submitted,  ac^»onipanied  by  several  papers 
which  give  in  full  deuiil  the  results  of  exj^eriments  with  insecticides  and  appliances 
for  using  them.  I  wish  to  state  that  the  Division  is  under  great  obligations  to  Mr. 
Springer  Goes,  who  was  at  the  time  acting  as  temporaiy  agent,  for  the  faitliful  and 
intelligent  assistance  he  rendered  during  the  work ;  also  to  Mr.  Martin  Goes,  on 
whose  premises  most  of  my  observations  and  experiments  were  made,  are  due  the 
sincerest  thanks  of  this  Division.  Nothing  could  have  exceeded  the  cordialitv  and 
good  will  shown  toward  the  work  of  the  Division  during  its  entire  progress.  With- 
out a  single  exception  all  growers  with  whom  I  came  in  contact  were  uniformly 
courteous  and  wiUin^  to  aid  the  Division  in  its  work.  • 

Very  respectfmly, 

Wm.  B.  Alwood. 

Prof.  C.  V.  Riley, 

U.  S.  Entomologist, 

INSECTICIDES. 

No  attempt  was  made  to  classify  and  use  rernedies  according  to  their  known  or 
supposed  action,  but  such  substances  as  were  considered  possible  remedies,  so  far  as 
they  could  be  obtained,  were  used  and  the  results  are  here  given. 

A  practical  remedy  for  the  Hop-louse  or  for  any  injurious  insect  must  answer  to 
the  following  requirements  :  (1)  It  must  be  cheap  ;  (2)  it  must  be  harmless  to  the 
plant ;  (3)  it  must  be  effective  as  a  destroying  agent.  In  this  special  case  it  is  nec- 
essary to  add  another  8i)ecification,  viz,  the  liquid  must  spread  well  over  the  leaf 
when  sprayed.  However  deadly  a  remedy  may  be,  unless  it  will  spread  over  the  leaf 
it  is  not  possible  to  make  it  reach  all  tlie  Hce,  hence  its  effectiveness  is  lost.  Soapy 
mixtures  and  emulsions  meet  this  requirement  better  than  anything  else  I  have 
tried.  Cheapness  of  a  remedy  is  a  point  of  prime  importance,  ana  together  with  the 
facilities  for  applying  largely  determines  ite  usefulness.  The  matter  of  machinery 
and  methods  or  application  is  specially  considered  further  along  in  this  paper. 

I  shall  endeavor  to  give  Jin  iaea  of  the  average  cost  of  the  diiierent  remedies,  that 
all  may  intelligently  consider  the  results.obtained. 

For  convenience  I  will  give  the  following  facts  as  a  basis  of  calculation  :  There 
are  about  700  hills  of  hops  per  acre,  and  where  sprayed  when  the  vines  are  about 
half  grown  1  pint  will  spray  a  hill  when  applied  with  proi)er  machinery.  This 
would  make  an  estimate  of  auout  100  gallons  of  liquid  per  acre.  Howevei*,  this  is 
only  given  as  an  estimate  to  furnish  a  basis  for  calculation  wlien  considering  the 
cost  of  spraying  a  yard.  The  actual  cost  must  always  depend  on  circumstances. 
The  tests  with  the  various  substances  are  not  given  in  full,  with  dates,  etc.,  as  this 
only  tends  to  confusion  where  so  many  substances  are  used,  but  the  results  with 
each  substance  are  condensed  into  one  account. 

The  experiments  were  conducte<l  continuously  for  a  period  of  seven  weeks. 
Every  suostance  which  gave  any  promLse  of  being  a  practical  remedy  was  te- 
peatedly  used  until  I  was  satisfied  as  to  its  value. 
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The  trials  were  on  a  email  scale,  using  only  a  portion  of  one  plant  in  each  test. 
Liquids  were  applied  with  a  Ik'Uows  atomizer,  and  the  few  powaers  used  were  ap- 
plied with  powder  bellows. 

POTASH. 

Saturated  sofution  made  by  lx)iling  and  then  allowing  to  cool.  This  was  used 
strong  as  foliage  would  bear  (diluted  four  times),  but  was  of  no  consequence  as  a 
remedy.  It  spread  poorly.  8ome  few  were  killed,  but  not  enough  to  make  it 
w^orthy  of  trial  by  farmers.  At  this  stiength  it  contemned  much  more  potash  than 
some  of  the  most  effective  soap  solutions. 

SODA. 

Caustic  soda  solution  prepared  as  the  last  was  less  effective.  Diluted  one  time  it 
was  not  injurious  to  the  foliage.  Evidently  it  is  not  practical  to  use  alkalies  simply 
in  solution,  but,  as  succeeding  tests  will  show,  soaps  are  effective  when  dilutea  so 
that  one  pound  of  condensed  lye  is  distributed  through  100  gallons  of  water.  These 
solutions  do  not  spread  nearly  as  well  as  soap-suds. 

PAKIS  GREEN. 

This  was  sprayed  upon  the  lice  in  strength  of  1  pound  to  50  gallons  of  water. 
Like  all  liquids  of  this  kind  it  would  not  spread.  Some  few  hce  were  killed  where 
imniL'i*i;<:'d  undrr  di(),>s  of  liquid,  but  not  many.  This  mixture  was  also  used  with 
soaus,  but  added  notliing  to  their  efficacy. 

P^aris  gi-oen  was  used  because  of  its  well-known  caustic  action;  however,  it  is  ap- 
paurently  valueless  in  this  case. 

ROSE  TOBACCO  SOAP. 

This  was  sent  to  the  D^'pArtment  by  the  Rose  Manufacturing  Company,  17  South 
William  street,  New  York  City.  The  company  give  as  the  ingredients  of  the  soap 
extract  of  tol)acc()  reduced  to  a  paste  in  vacuo  and  then  mixed  with  soap  made  from 
cotton-eeed  and  fish  oils  and  sodium  sulphide.  In  wholesale  lots  it  can  be  bought 
for  15  cents  to  20  cents  p(*r  ]M>und,  depending  on  whether  put  up  in  large  or  small 
this.  It  is  usuiilly  offered  in  the  market  in  half-pound  tins.  As  an  insecticide  prep- 
aration it  is  not  ix)isonous  or  unpleasant  to  handle. 

A  suds  of  this  was  made,  using  1  ounce  of  the  soap  to  2  quarts  of  water  and  kept 
in  jars  for  the  tests. 

At  this  strength  it  killed  effectually,  but  was  a  little  slow,  re(iuiring  twentv  min- 
utes for  full  result.     It  spreads  well,  but  not  equal  to  the  best  soaps  mentioned  below. 

Diluted  1  ounce  to  4  quarts  of  water  it  killed  quite  effectually,  but  was  not  sure 
when  diluted  more  than  this.  At  this  rate  it  reouires  at  least  6  pounds  to  spray  an 
acre.     When  used  in  full  strength  given  above  tne  hops  were  not  injured. 

ROSE  TOBACCO  EXTRACT. 

Furnished  by  the  same  company.  Principal  ingredient,  extract  of  tobacco  men- 
tioned above.  The  most  noticeable  difference  is  a  much  stronger  odor  of  tobacco. 
It  was  used  at  the  same  time  and  in  the  same  strengtlis  as  the  last.  It  does  not  spread 
C[uite  so  freely  as  the  soap,  but  kills  the  hce  more  effectually.  The  odor  of  tooacco 
is  so  strong  that  if  used  on  maturing  burs  it  would  doubtless  injure  their  Quality. 
I  do  not  consider  this  a  practical  remedy  to  use  by  itself  for  field  work,  but,  from 
experiments  made  just  at  the  close  of  our  work,  think  it  very  valuable  to  mix  with 
soap-suds. 

TOBACCO  DECOCTION  NO.  1, 

This  was  made  for  the  work  in  the  following  manner  : 

One  pound  of  Leon  Hirsh's  Crystal  potash  lye  was  dissolved  in  1  gallon  of  soft 
water,  and  when  brought  to  a  boil  2  pounds  of  waste  from  cigar  factory  were  added. 
After  the  tobacco  had  been  thoroughly  steeped  in  the  boiling  lye  for  a  few  minutes 
the  whole  was  set  away  in  a  closed  vessel  to  cool.  When  cool  the  hquid  was 
strained  off.  In  order  to  get  anything  like  the  original  gallon  of  liquor  it  r^uires 
ooosideFable  pressure.  This  extract  was  used  in  different  dilutions  from  nve  to 
tiiirty  times  its  measure  of  water. 
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It  would  not  spread  well  though  strong  with  alkali,  and  was  not  a  success.  Di- 
luted five  times  it  was  yet  too  strong  for  the  foliage.  Diluted  ten  times  it  could  be 
used  witli  safety  and  killed  effectually  when  Uce  were  thoroughly  wet,  but  it  col- 
lects in  drops  too  much  for  good  work.  One  gallon  of  the  liquor,  as  made,  was 
worth  60  cents. 

TOBACCO  DECOCTION  NO.   2. 

Tills  was  made  as  follows  :  One  pound  of  tobacco  waste  was  boiled  in  1  gallon  of 
water  for  three  hours,  filling  up  to  1  gallon  when  done. 

This  was  used  pure  and  diluted  up  to  four  times.     It  spread  poorly. 

Pure,  it  killed  all  Uce  perfectly,  but  was  too  strong  for  the  foliage.  Diluted  four 
times,  it  yet  kills  fairly  well,  but  can  not  be  made  to  reach  all  the  lice  because  it 
will  not  spread.  The  liquor  at  tliis  strength  added  to  soap-suds  (made  from  soap 
No.  1,  to  be  described  further  on  in  this  report)  gave  good  results.  The  combined 
mixture  was  as  follows  :  Tobacco  extract  diluted  four  times,  1  part ;  soap-suds  (1 
ounce  soap  to  2  quarts  water),  2  parts  ;  water,  4  parts. 

This  mixture  gave  excellent  results,  kiUing  almost  perfectly.  Mixed  in  the  above 
proportions,  considering  each  part  to  be  1  gallon,  the  total  mixture,  7  gallons,  is 
worth  about  6^  cents. 

This  is  dearer  than  a  mixtiu-e  should  be  for  general  use,  although  90  cents  to  $1 
per  acre  is  not  an  excessive  cost  for  material,  and  this  mixture  would  not  exceed  that 
cost  if  properly  used. 

KEROSENE  EMULSION. 

Tliis  was  made  for  the  work  after  the  formulae  frequently  published  by  the 
Division  of  Entomology.  The  quantities  used  for  one  mixing  were  oil,  8  pints  ; 
water,  4  pints  ;  soap,  I  pound.  Soap  No.  1  of  my  own  manufacture  was  used. 
This  gave  an  excellent  emulsion.  It  was  used  in  various  strengths.  At  ten  dilu- 
tions, the  foliage  was  immediately  blackened  and  the  vine  destroyed.  At  twenty 
dilutions,  the  injury  to  the  foUage  was  scarcely  perceptible,  jet  where  vines  were 
thoroughly  drenched  the  indicatioijs  were  that  it  did  slight  injury.  At  twenty-five 
dilutions  it  seemed  to  be  perfectly  safe. 

As  a  destructive  agent  for  the  lice  it  was  auite  effective  when  diluted  thirty  times. 
Sometimes  a  few  would  not  be  destroyed,  out  where  thoroughly  drenched  it  wa'6 
reasonably  sure.  This  strength  killed  leaf -hoppers  and  lady-birds  (Coccinellidee)  as 
readily  as  lice.  Above  thirty  dilutions  it  was  not  sure.  Even  at  this  strength  it 
left  a  considerable  odor  of  kerosene  on  the  vines,  but  this  disappeared  in  a  day  or  so 
and  no  injury  was  api)arent  to  smell  or  sight.  This  hquid  at  twenty-five  to  tliirty 
dilutions  spreads  quite  well,  hardly  equal  to  best  soaps,  but  if  finely  atomized  an- 
swers all  purposes.  From  my  tests  I  am  of  the  opinion  that  it  is  a  practical  remedy 
at  these  strengths.  If  any  change  in  proportions  of  ingredients  used  is  made,  it 
should  be  in  the  soap.  This  may  be  doubled  and  would  probably  add  a  little  to  the 
efficiency. 

A  common  gi-ade  of  kerosene  which  is  good  enough  for  this  work  can  be  bought 
in  most  localities  for  8  cents  per  gallon  by  the  barrel,  and  the  soap  us^  can  be  made 
for  1  cent  per  pound.  This  would  make  the  batch  given  above  cost  8^  cents,  and 
diluted  with  25  gallons  of  water  to  one  of  emulsion  would  make  38^  gallons  of  wash. 
At  this  rate  100  gallons  would  cost  20  cents,  ceilainly  a  very  reasonable  price. 

PARAPFINE  EMULSION  (?). 

This  was  made  from  a  formula  in  Miss  E.  A.  Ormerod's  report  (1886)  on  the  Hop- 
louse  in  England. 

The  word  paraffine  oil  is  used,  and  whether  meaning  commercial  paraffine  or 
kerosene  is  not  at  all  certain.  Paraffine  is  not  an  oil,  but  a  solid  tallowy  residue 
left  in  the  distillation  of  petroleum  oils.  Tlie  formula  given  in  her  report  is,  soap, 
18  pounds  ;  paraffine,  ^  gallon ;  water,  100  gallons.  The  paraffine  and  soap  were 
melted  and  heated  to  boiling  with  part  of  the  water,  and  then  added  to  the  balance 
of  the  water  and  all  thoroughly  churned  with  a  force  pump.  It  made  a  good  suds, 
but  upon  cooling  the  palraffine  arose  to  the  surface  in  small  tallowy  masses  coated 
with  particles  of  soap.  It  was  in  no  sense  an  emulsion.  This  was  made  from  my 
best  soap,  and  was  a  fairly  successful  wash  ;  but  as  the  effect  was  solelv  due  to  the 
Boap,  and  as  this  will  be  mentioned  further  on,  it  is  unnecessary  to  spea!k  further  of 
it  here. 

A  like  preparation  was  made  using  kerosene  instead  of  paraffine.  It  was  thor- 
oughly churned  for  fifteen  minutes,  and  for  a  while  it  was  thought  the  oil  would  not 
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separate,  but  after  two  hoiirs  it  came  to  the  top.  The  amount  of  kerosene  in  such 
a  mixture  is  hardly  worth  notice,  being  about  four-fifths  of  1  per  cent.  The  amount 
in  the  diluted  emulsion  previously  given  is  between  2  and  8  per  cent. 

QUASSIA  EXTRACT. 

This  was  made  as  follows  :  To  1  poimd  of  quassia  chips,  2  gallons  of  water  were 
added  and  allowed  to  soak  for  f oiu*  days,  then  boiled  thoroughly  for  two  hours,  and 
filled  up  to  the  two  gallons. 

Apphed  pure,  it  killed  the  hce  effectually  where  they  were  reached,  but  it  will  not 
spread.  The  importance  of  the  wash  spreading  well  can  not  be  overestimated. 
lliis  wash,  like  many  others,  seems  to  collect  away. from  the  lice,  and  only  those 
under  the  drops  are  effectually  destroyed.  Diluted  once  it  was  still  quite  effective, 
but  could  not  be  used  with  any  thoroughness.  I  do  not  consider  this  a  practical 
remedy  when  used  alone.    The  cost  of  quassia  chips  is  7  cents  to  10  cents  per  pound. 

.,  QUASSIA  AND  SOAP  NO.   1. 

This  was  made  after  a  formula  given  in  Miss  Ormerod's  report,  wliich  is  as  fol- 
lows :  Quassia,  6  pounds ;  soap,  8  pounds ;  water,  100  gallons.  The  quassia  was 
prepar^  as  the  e^rtract  previously  mentioned^  and  the  soap  was  my  No.  1. 

This  wash  killed  quite  effectively  ;  it  was  about  equal  to  best  soap-suds.  This  re- 
sult must  be  in  part  attributed  to  the  quassia,  as  the  least  amoiuit  of  soap  per  100 
^Ulons  of  water  we  found  effective  was  6  pounds,  and  this  only  under  most  favorable 
circumstances.  The  wash  would  not  bear  weakening.  Quassia  at  7  cents  per  pound 
and  soap  at  1  cent,  the  wash  would  be  worth  45  cents  per  100  gallons.  At  the  vil- 
lage store  I  had  to  pay  10  cents  per  pound  for  quassia,  which  adds  considerably  to 
cost  of  the  mixture  as  actually  used. 

QUASSIA  AND  SOAP  NO.   2. 

A  mixture  also  made  from  Miss  Ormerod's  report.  The  formula  was  as  follows : 
One  pound  soap,  1  pound  of  quassia,  22  gallons  of  water.  In  this  the  quassia  helped 
the  wash  in  enectiveness,  as  the  suds  without  it  was  weaker  tlian  would  kill.  It 
was  guite  effective  as  a  wash„  equaling  the  best  soaps.  It  would  not  stand  further 
dilution. 

The  actual  cost  of  the  22  gallons  was  about  11  cents,  or  50  cents  per  hundred  gal- 
lons. Quassia  has  long  been  known  as  a  remedy,  but  from  faulty  methods  of  appli- 
cation and  other  points  as  noted  under  *'  Extracts  '*  of  same,  its  use  has  not  been  at- 
tended with  best  practical  results.  With  soap  mixtures  it  seems  a  valuable  ingre- 
dient of  the  wash. 

FISH-OIL  AND  LARD  SOAPS. 

A  number  of  these  were  made,  some  of  which  were  successful  and  others  not.  The 
object  in  view  was  an  effective  remedy  at  least  possible  cost. 

Soap  No,  1. 

Formula:  Loen  Hirsh's  Ciystal  potash  lye,  1  pound;  fish  oil,  8  pints;  soft  water,  2 
gallons.  The  lye  was  dissolved  in  the  water,  and  when  brought  to  a  boil  the  oil  was 
added.  The  batch  should  be  cooked  usually  about  two  hours.  It  can  be  easily  told 
when  it  is  done  by  cooling  a  small  portion  in  a  cup.  When  done,  if  filled  up  to 
make  the  evaporation  by  boiUng  there  will  be  about  25  poimds  in  the  batch  as 
given  above. 

This  mixture  made  an  excellent  soap.  When  cold  it  could  be  cut  and  handled  in 
cakes.    Throughout  the  work  it  was  tne  standard  of  comparison  of  all  other  washes. 

The  fish  oil  was  an  excellent  article  and  cost  36  cents  per  gallon  in  New  York  City. 
The  lye  also  was  of  good  quality  and  cost  a  fraction  over  9  cents  per  pound.  Tms 
batch  of  25  pounds  thus  cost  23  cents,  or  about  1  cent  per  pound.  In  all  my  work 
the  washes  were  made  entirely  of  soft  water  unless  otherwise  stated. 

Standard  suds  of  this  and  all  other  soaps  was  1  pound  to  4  gallons  of  water. 

At  this  strength  it  did  not  injure  the  vines,  spread  well,  and  killed  perfectly. 

After  standing  several  days  this  strength  of  suds  became  a  thick,  mucilaginous 
mass  and  could  not  be  sprayed  without  further  dilution. 

The  suds  was  used  at  different  strengths  up  to  1  pound  of  soap  to  16  gallons  of 
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At  this  latter  strength  it  spread  fairly  well,  but  was  weak  in  action,  and  repeated 
tests  showed  that  it  was  hardly  safe  for  genercd  use.  However,  if  tests  wwe  re- 
sprayed  before  becoming  perfectly  dry,  it  invariably  killed. 

One  pound  of  the  soap  to  8  galjons  of  water  was  found  to  be  a  uniformly  safe 
and  satisfactory  wash,  although  after  standing  some  time  the  suds  would  lose  its 
efficacy.  We  became  thoroughly  convinced  that  soaps  should  be  made  and  used 
fresh,  and  that  suds  should  not  be  used  after  standing  longer  than  three  days.  At 
one  pound  to  8  gallons,  100  gallons  of  this  suds  costs  12  cents,  certainly  a  very  rea- 
sonable price. 

To  the  suds  of  this  soap  was  added  tobacco  decoction  No.  2  with  good  results. 
The  mixture  was  as  follows:  1  pound  soap,  8  gallons  tobacco  water,  18  gallons  of 
water,  making  16  gallons  of  wash  in  all.  This  was  very  effective,  but  the  cost  oi 
the  wash  was  considerably  increased  over  the  plain  soap.  This  mixture  was  sug- 
gested by  my  failure  to  make  tobacco  soaps  which  suited  me  and  was  tried  just  at 
Bie  close  of  the  work  when  there  was  not  opportunity  to  test  it  out  carefully. 

We  were  convinced  that  soap  washes  are  much  improved  by  the  addition  of  to- 
bacco, yet  such  mixtures  so  far  as  made  added  to  the  expensiveness  of  the  wash. 

Soap  No,  2. 

This  was  an  attempt  to  use  crude  potash  but  was  an  entire  f aUure  after  repeated 
trials,    it  seemed  impossible  to  make  a  good  fish-oil  soap  with  it. 

Soap  No.  8.  • 

This  was  one  of  several  resin  soaps  made  for  the  work. 

Formula  as  follows :  One  and  one-fourth  pounds  lye,  1  qusui;  fish  oil,  one-half 
pound  reein,  2^  gallons  of  water. 

The  resin  was  melted  in  part  of  the  lye  and  added  boiling  hot  to  the  oil  and  the 
balance  of  the  lye. 

After  cooking  for  two  hoiu-s  it  appeared  to  saponify,  but  after  standing  a  day  or 
two  became  curdy.  Many  trials,  varying  the  constituents,  were  made  hoping  to 
secure  a  good  resin  and  fish-oil  soap,  but  none  proved  entirely  satisfactory.  With 
lard  I  had  no  trouble. 

Suds  of  this  soap  at  standard  strength  kills  slowly  but  effectually  where  all  lice 
are  thoroughly  wetted.  It  was  also  used  at  1  pound  to  8,  12,  and  16  gallons.  It 
w^ould  kill  fairly  well  even  at  weakest  strength  if  very  thoroughly  applied,  but 
would  not  be  safe  for  general  application  weaker  tlian  1  pound  to  8  gallons  of  water, 
and  at  this  it  is  not  eoual  to  No.  1. 

This  batch  makes  28  to  80  pounds  of  soap  and  costs  for  material  about  25  oenta. 

Soap  No,  4. 

This  was  an  attempt  to  make  a  soda  soap,  but  was  entirely  unsuccessful.  It  was 
made  and  remade  from  every  formula  in  my  possession  but  failed  in  each  instance 
to  saponify  properly.  The  soda  was  the  ordinary  caustic  soda,  costing  5  cents  per 
pound. 

Soap  No.  5. 

This  was  another  resin-oil  soap  made  similar  to  No.  3,  after  the  following  formula: 
Ti^o  pounds  lye,  1  poimd  resin,  8  pints  fish  oil,  13  quarts  water.  This  was  boiled 
for  nearly  three  hours,  when  it  appeared  to  saponify,  but  on  standing  for  a  day  be- 
came curdy,  although  it  was  better  than  No.  3.  »Several  attempts  were  made  to  re- 
cook  these  soaps,  and  by  changing  the  proix)rtion  of  ingredients,  especially  the 
water,  to  produce  a  soap  of  such  consistency  that  it  could  be  cut  into  cakes,  but  they 
were  unsuccessful  in  every  instance. 

This  batch  should  make  88  pounds  of  Hoap,  if  filled  up  to  full  measinre  after  boil- 
ing, and  costs  88  cents,  a  trifle  more  per  poimd  than  No.  8. 

It  was  not  as  effective  as  No.  8.  Standard  strength  killed  very  slowly.  At 
weaker  strength  than  1  pound  to  8  gallons  it  was  of  little  use,  and  at  this  strength 
was  not  safe  lor  general  work. 

After  standing  for  some  time  the  suds  would  scarcely  kill  at  any  strength.  This 
soap  was  most  thoroughly  tested,  and  was  in  no  sense  a  success,  and  it  is  very  clear 
to  me  that  resins  in  every  case  injiure  my  soaps. 

Soap  No.  6. 

This  was  lard  soap  made  after  the  following  formula:  One  pound  lye,  4jpotind8 
lard,  8  gallons  water.    This  was  cooked  two  hours  and  made  a  beautifm  white  soap 
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and  firm,  so  it  could  be  cut  in  cakes  for  handling.  It  made  a  good  suds  when  dis- 
solved, yet  was  not  so  smooth  as  the  oil  soaps  and  did  not  atomize  as  well. 

The  standard  suds  was  quite  effective,  killing  all  but  a  few  lice  in  course  of  fifteen 
minutes.  It  does  not  spread  as  well  as  ml  soaps;  in  fact,  the  difference  in  quahty 
of  suds  between  oil  and  lard  soaps  is  very  noticeable.  At  1  pound  to  8  gallons  it  de- 
stroryed  the  lice  fairly  well,  but  above  that  only  about  50  per  cent,  were  killed. 

This  preparation  would  scarcely  do  for  general  work,  even  at  1  pound  to  8  gallons. 
Mixtures  of  this  soap  which  stood  for  several  days  became  so  ropy  they  could  not  be 
used  at  all,  nor  could  they  be  diluted  or  be  made  to  form  a  smooth  suds.  I  do  not 
consider  this  soap  a  useful  article.  Counting  lard  at  6  cents  per  pound,  this  soap 
cost  dS  cents  for  85  pounds. 

Soap  No,  7. 

This  was  a  lard-resin  soap,  made  in  the  following  manner :  One  pound  lye,  5  pounds 
lard,  i  pound  resin,  3  gallons  water.  CJooked  as  the  other  resin  soaps.  It  made  a 
good  solid  soap.  This  was  most  thoroughly  used  in  the  tests,  but  was  a  failure  com- 
pared with  the  best  results.  Weaker  than  standard  solution  it  was  not  at  all  effect- 
ive, and  at  this  strength  was  only  a  fair  wash.  It  is  scarcely  equal  to  plain  lard 
soap.  In  one  test  on  a  warm  afternoon  it  did  fairly  well  at  1  poimd  to  8  g^ons. 
This  batch  makes  about  36  pounds  of  soap  and  costs  44  cents. 

Soap  No,  8. 

This  was  an  oil-resin  soap,  made  as  follows  :  One  and  one-half  poimds  lye,  3  quarts 
oil,  i  pound  resin,  3  gallons  water.  Cooked  as  other  resin  soaps.  This  was  aecid- 
edly  tne  best  resin  soap  made  so  far  as  its  appearance  showed.  But  after  two  days 
it  became  slightly  curdy.  In  the  tests  it  was  the  least  effective  oil  soap  made. 
After  repeated  trials  it  was  a  failure  at  standard  strength. 

The  resin  soaps  aU  made  a  good  foamy  suds,  apparently  strong,  but  not  equal  in 
caus<ac  action  to  plain  soaps.  They  were  thus  thoroughly  tested  because  work  with 
them  elsewhere  for  Coccios  had  seemed  to  promise  good  results. 

Soap  No.  9. 

This  was  a  tobacco  soap  make  in  the  following  manner :  One  and  one-half  pounds 
lye,  8  pints  fish-oil,  11  quarts  water,  2  quarts  tobacco  decoction  No.  3,  boiled  for  two 
hours,  did  not  saponify  well ;  reboiled  one  and  one-half  hours  and  added  6  quarts 
water ;  saponified  fairly  well,  was  a  black  gunmiy  mass,  not  soUd  enough  to  cut  into 
caJces.  All  together  this  should  make  a  batch  of  50  pNOunds  of  soap  at  a  cost  of  40  cents. 
At  standard  strength  this  soap  was  hardly  effective,  and  tests  witli  weaker  suds 
diowed  it  to  be  of  right  value.  It  would  not  do  for  general  work  weaker  than  1 
poimd  to  4  gallons,  and  at  that  strength  falls  below  the  other  soaps. 

CONCLUSIONS. 

Remedies  apphed  in  the  middle  of  a  warm  day  were  always  more  effective  than 
when  apphed  early  or  late  in  the  day  or  on  a  cold  day. 

Only  liquid  applications  in  the  form  of  cheap  washes  are  at  all  practical  for  this 
insect. 

The  appHcation  to  be  effective,  i.  e.,  for  best  results,  should  be  made  in  the  form  of 
a  fine  spray  to  the  underside  of  the  leaves,  and  if  applied  with  considerable  force 
the  results  are  better. 

The  use  of  the  patent  or  proprietary  remedies  which  we  have  tested  we  do  not  con- 
sider practical. 

Properly  prepared  kerosene  emulsion  and  the  plain  fish-oil  soaps  are  cheap,  prac- 
tical, safe  remedies. 

The  addition  of  tobacco  or  quassia  extracts  to  these  can  be  made  with  advantage 
80  far  as  quality  of  wash  is  concerned,  but  they  will  add  to  its  expensiveness. 

All  extracts,  decoctions,  etc.,  which  will  not  spread  over  the  leaf,  but  collect  in 
globules  when  sprayed,  are  not  practical  remedies,  though  they  may  kill  the  lice 
when  brought  in  actual  contact  with  them. 

MACHINERY  USED  IN  APPLYING  INSECTICIDES. 

In  the  small  tests  made  especially  to  determine  the  effectiveness  of  different  sub- 
stances we  used  Woodason's  blast  atomizer.  This  is  a  hand-bellows  with  a  cistern 
attached  holding  about  one  pint,  and  for  use  in  a  small  way  is  very  serviceaUe.    It 
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has  been  previously  illustrated  and  described  in  publications  by  this  Division,  and 
needs  no  special  mention  here.  It  makes  a  very  fair  spray,  but  for  general  field 
work  would  be  entirely  unserviceable. 

Several  smaU  pumps  were  taken  to  the  field  for  use  in  the  work  but  proved  to  be 
of  little  or  no  value.  Among  these  were  the  aquapult  manufactured  oy  W.  &  B. 
Douglas,  Middletown,  CJonn.,  and  a  similar  pump  by  W.  J.  Johnson,  Newton,  Mass. ; 
also  the  Noel  pump,  fitted  with  the  Vermor el  modification  of  the  Riley  nozzle,  both  of 
which  are  manufactured  in  France.  These  pumps  are  good,  serviceable  implements 
for  small  work,  but  for  the  magnitude  of  tne  work  here  required  were  entirely  in- 
adequate. 

The  nozzles  on  these  pumps  should  be  mentioned.  The  first  two  were  each 
equipped  with  a  perforated  rose  nozzle,  and  the  Douglas  pump  witli  a  small  colhd- 
ing-jet  nozzle.  Both  of  these  styles  are  very  inferior  for  spraymg  purposes  to  other 
styles  hereafter  mentioned. 

Of  larger  machines  several  styles  were  tried,  involving  practically  no  difference 
as  to  the  principles  of  the  machines,  the  points  in  view  being  capacity,  ease  of  hand- 
ling, and  cheapness  of  construction. 

■Ilie  two  points  of  prime  importance  in  all  spray  machinery  are  a  good  pump  and 
nozzle ;  other  points  are  matters  to  be  settled  according  to  fancy  of  the  user  or  re- 
quirements of  the  work. 

A  pump,  to  do  good  work,  should  be  double-acting ;  and  of  the  different  styles 
those  which  have  a  single  cylinder  are  decidedly  to  be  preferred.  All  of  the  best 
makes,  so  far  as  we  have  seen  them,  are  on  essentially  the  same  principle,  being  a 
small  cylinder  or  piston  within  the  larger  or  real  cylinder  of  the  pump.  The  action 
is  by  lifting  on  the  upward  stroke  of  the  piston  and  by  displacement  on  its  down- 
ward stroke.  The  Douglas  pump  and  all  of  the  different  aquapults  are  made  on  this 
principle. 

The  tendency  of  all  makers,  so  far  as  our  experience  goes,  is  to  too  small  capacity 
for  heavy  wort  like  orchard  and  hop-yard  spraying. 

Few  nozzles  fill  the  requirements  for  such  heavy  work.  The  eddy-chamber  system , 
of  which  the  *  *  Riley"  is  the  best-known  type,  and  the  Climax  nozzles  come  the  nearest 
to  perfection  of  anything  we  have  used.  The  Riley  nozzle,  when  properly  made,  is 
unsurpassed  for  making  a  perfect  spray ;  but  its  adaptability  to  general  work,  in  the 
quantity  of  spray  and  ease  with  which  it  can  be  used,  is  perhaps  not  so  good  as  the 
Climax.  Tms  is  particularly  the  case  where  the  spray  is  to  oe  projected  upward 
above  a  level  of  three  or  four  feet:  For  lower  spraying  the  Riley  nozzle  has  the 
advantage.  The  principle  on  which  the  Climax  is  made  is  the  projecting  of  a  stream 
of  water  against  a  wire  screen.  This  is  accomplished  by  means  of  a  nipple  made  to 
fit  hose  couplings  or  nipples  of  such  size  as  may  be  desired ;  on  the  outer  end  of  this 
is  screwed  a  brass  tube  varying  in  diameter  and  length  according  to  size  of  nozzle. 

The  quantity  of  spray  is  regulated  by  the  size  of  the  orifice  in  the  nipple,  and  on 
the  outer  end  of  the  brass  tube  or  chamber  is  fastened  a  screen  of  brass  wire,  vary- 
ingin  size  of  mesh  to  suit  the  size  of  the  orifice  in  the  nipple. 

The  oridinary  field  nozzles  are  made  in  four  sizes,  and  are  in  outer  dimensions  3 
inches  long  by  1  inch  in  diameter.  The  liquid  projecting  through  the  nipple  strikes 
the  wire  screen  and  is  cut  into  perfect  spray.  This  is  an  entirely  new  piinciple  in 
the  construction  of  spray  nozzles  and  I  beUeve  from  my  tests  it  will  be  of  consider- 
able practical  importance.  This  nozzle  is  the  invention  of  Mr.  A.  H.  Nixon,  of  Day- 
ton, Ohio,  and  is  manufactured  and  sold  by  a  firm  there. 

The  pumps  used  were  also  made  by  Mr.  Nixon  and  were  of  two  sizes  ;  the  small 
measured,  stroke  8  inches,  diameter  of  piston  1^  inches,  barrel  If  inches.  The  larger, 
stroke  6  inches,  piston  1^  inches  in  diameter,  bajrel  2  inches  in  diameter. 

These  were  used  because  they  could  be  easily  fitted  to  any  box  or  barrel  tank  and 
came  as  near  my  idea  of  a  practical  pump  as  anything  I  had  used. 

On  these  pumps  but  two  kinds  of  nozzles  were  used,  the  Cyclone  and  Climax. 
The  size  of  orifice  found  most  suitable  for  the  Cyclone  was  one  sixteenth  of  an  inch, 
and  of  the  Climax  No.  2  of  the  regular  sizes  was  used  ;  the  orifice  in  the  nipple  of 
this  is  one  twenty-fifth  of  an  inch. 

The  smaller  pump  was  used  entirely  upon  a  hand-cart,  intended  for  use  as  a  lawn 
and  garden  engine.  As  made,  it  was  only  fitted  with  one  discharge  pipe.  But  upon 
experimenting  in  the  field  it  was  thought  best  to  have  two,  ana  tnus  increase  the 
capacity  of  the  machine.  This  cliange  was  made,  but  the  pump  had  not  sufficient 
capacity  to  furnish  two  streams  and  work  easily,  hence  we  procured  the  larger  pump 
before  mentioned. 

The  nozzles  are  end  discharge  (Clunax),  hence  the  hose  and  canes  used  to  support 
them  are  shorter  than  those  shown  on  the  larger  machine. 

There  is  some  difilculty  in  spraying  the  lower  leaves  properly  with  an  end  nozzle, 
but  when  up  to  a  height  of  5  or  0  feet  it  is  accomplished  aunoBt  as  readily  as  with  a 
■ide-iasae  nos^. 
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This  difficulty  was  in  part  overcome  by  looping  the  hose  downward  at  the  outer 
end,  BO  as  to  point  the  nozzle  upward  at  an  angle  of  about  45  de^ees  from  the  line 
of  the  supporting  cane.  This  is  easily  done  and  very  much  facihtates  spraying  the 
lower  leaves. 

The  larger  pump  was  rigged  to  two  different  tanks,  one  a  square  box  and  the 
other  a  barrel  supported  on  skids.  This  latter  is  shown  as  at  work  at  Plate  VII.  This 
pump  also  had  but  one  discharge  pipe,  but  we  had  another  fitted  to  it. 

These  tanks  were  made  to  illustrate  cheaper  apparatus,  as  the  mounted  hand-cart 
is  costly,  and  the  extra  exx)ense  for  wheels,  etc.,  add  nothing  to  its  efficiency.  The 
box  tank  holds  56  gallons  of  hquid,  and  the  cost  of  material  and  labor  for  makinff 
was  $8 ;  the  pump  cost  $9 ;  two  nozzles  at  $1,  $2,*  and  40  feet  of  three-eighth-inch 
rubber  tubing  at  15  cents,  $6,  making  the  cost  of  a  machine  full  rigged  $25.  In  this 
estimate  cost  of  canes  to  support  the  hose  is  not  included  but  amounts  to  only  a 
trifle.  This  machine  also  costs  a  considerable  sum,  but  with  proper  care  will  last 
for  years,  and  should  be  of  great  service  in  other  ways  than  foraying  hops. 

Forty  feet  of  hose  is  necessary  for  side-issue  nozzles  (20  feet  to  each  discharge 
pipe).  For  end  issue,  30  feet  is  plenty,  which  slightly  reduces  the  cost  of  the  ma- 
cmne.  This  pump  was  used  for  both  side  and  end  issue  nozzles,  and  was  a  perfect 
success. 

The  feature  of  the  side-issue  nozzle  is  that  the  spray  is  delivered  directly  upward 
on  the  under  side  of  lower  leaves.  It  is  necessary  to  use  longer  canes  than  for  end 
issue,  so  that  when  reaching  upper  branches  the  angle  of  the  supporting  cane  will 
not  be  so  great  but  that  the  spray  will  be  delivered  nearly  upward.  There  is  an 
advantage  in  this  that  the  spray  is  delivered  farther  away  from  the  operator,  and 
hence  is  not  so  unpleasant  to  him. 

However,  in  practice,  the  farmers  who  assisted  in  the  work  very  decidedly  pre- 
ferred short  hose  and  end  nozzles.  The  extra  5  feet  of  hose  adds  very  much  to  the 
labor  of  handling  the  supporting  canes.  The  proper  length  of  cane  is  about  10  feet 
for  short  and  15  feet  for  long  hose. 

The  barrel  tank  previously  mentioned  can  be  fitted  up  for  at  least  $5  less  than  the 
!k>x  tank,  and  answers  every  purpose  (see  Plate  VII).  The  bench  to  which  the  pump 
is  fastened  is  made  to  fit  the  round  of  the  barrel,  and  hooks  down  to  the  sides  and 
end  of  the  barrel  as  shown  in  the  plate.  The  pump  is  bolted  to  this  bench  and  tien 
inserted  ttirough  an  opening  in  the  barrel. 

It  is  not  a  matter  of  any  unportance  how  the  tank  is  supported  on  the  boat,  but 
the  skid  which  we  used  is  very  convenient  and  can  be  easily  made.  It  consists  of  4 
by  4  inch  scantling,  2  feet  6  inches  long.  The  bottom  pieces  are  placed  18  inches 
apart  and  the  top  pieces  13  inches  apart^  and  bolts  put  through  each  comer.  The 
top  pieces  should  be  rounded  on  the  mner  surfaces  to  meet  the  rounding  sides  of  the 
barrel.  I  will  add  here,  concerning  the  pumps,  that  a  fiexible  tube  (hose)  is  fitted 
to  the  lower  end  of  thepump  cylinder  of  sufficient  length  to  reach  the  bottom  of 
whatever  tank  used.    This  supply  pipe  should  always  be  covered  with  a  strainer. 

The  method  of  drawing  the  tanks  through  the  fields  on  a  flat-boat  is  cheap  and 
convenient ;  other  methodff  could,  however,  easily  be  devised.  A  barrel  mounted 
on  runners  can  be  easily  drawn  by  one  horse  anywhere  over  cultivated  ground,  and 
is  a  very  conveniently  rigged  apparatus. 

All  tanks  should  be  provided  with  a  strainer,  through  which  the  liquid  is  poured. 
This  is  of  considerable  importance,  and  will  help  very  much  to  prevent  clogging  of 
the  nozzles. 

A  matter  of  importance  in  equipping  spray  machines  is  the  size  and  style  of  hose 
to  be  used.  Ordinarily,  spray  pumps  are  fitted  up  with  one-half  to  three-quarter 
inch  heavy  hose.  To  handle  these  on  a  cane  pole  of  any  length  requires  more 
strength  than  any  other  part  of  the  work,  and  they  are  entirely  useless  and  unnec- 
essary. A  good  cloth  insertion  three-eighths  or  one-quarter  inch  rubber  tubing  will 
answer  every  purpose  and  decrease  the  weight  to  be  handled  about  50  per  cent. 
The  one-quarter-inch  tubing  will  furnish  a  stream  to  the  largest  nozzle  necessary 
for  any  ordinary  work.  Such  hose  can  be  bought,  of  fair  quality,  at  12  cents  per 
foot  for  the  larger  and  9  cents  for  the  smaller  size. 

These  sizes  are  not  kept  in  stock  by  local  dealers,  especially  in  villages,  but  can 
be  ordered  of  any  large  aealer. 

FIELD  TRIALS  OP  SPRAY  MACHINES. 

Several  field  trials  with  machines  were  made  to  practically  demonstrate  their  work- 
ings. The  trials  were  witnessed  by  farmers  and  others  interested,  though  no  attempt 
was  made  to  make  them  of  a'particularly  public  nature.  Messrs.  Martin  and  Springer 
Ooes  assisted  in  the  trials. 

On  August  3  the  mounted  hand-cart  was  used  at  Mr,  Gk>es's  yard.    We  were  abki 
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to  spray  at  the  rate  of  2  acres  per  day,  two  persons  handling  the  machine.  It  was 
very  evident  from  this  trial  that  hauling  the  machine  by  hand  for  any  length  of 
time  was  quite  out  of  the  question,  and  in  all  future  trials  whatever  tank  we  used 
was  drawn  on  a  flat-boat  as  shown  in  Plate  VII.  Also  the  idea  of  having  two  dis- 
charge pipes,  thus  doubling  the  capacity  of  the  machine  with  the  addition  of  but 
one  man,  took  shape  at  this  test. 

On  August  11  the  second  trial  was  made  at  Dr.  Norman  Getman^s  }^ard,  about  2^ 
miles  from  town,  along  the  shore  of  Canadarago  Lake.  In  the  meantime  the  pump 
had  been  fitted  with  two  discharge  pipes.  One  man  worked  the  pump  and  drove  the 
horse  without  difficulty.  We  used  both  side  and  end  issue  nozzles,  but  the  side  is- 
sue (Cyclones)  were  not  practical  on  short  hose  because  of  the  almost  perpendicular 
position  of  the  poles  when  reaching  the  top  branches.  For  the  lower  parts  of  vines 
they  worked  well;  they  did  not,  however,  pass  the  liquid  in  sufficient  quantity  for  rapid 
work.     The  end-issue  nozzles  worked  very  satisfactorily. 

The  trial  was  not  as  satisfactory  as  I  had  hoped,  from  two  causes:  (1)  The  punop  had 
not  sufficient  capacity  to  supplv  the  two  streams  perfectly;  (2)  from  a  defect  in  fitting 
the  hose  to  the  inimp  one  of  the  pipes  leaked  so  as  to  greatly  hinder  the  test.  The 
work  was  in  the  main  satisfactory  to  those  witnessing  it,  ell  being  satisfied  that 
spraying  by  hand  was  practical. 

Dr.  Getman  timed  the  work,  and  the  test  showed  a  rate  of  between  3  and  4  acres 
per  day. 

From  this  experience  we  decided  to  rig  up  a  pump  that  would  supply  two  streams 
with  ease,  also  to  show  how  to  arrange  a  cheaper  appar  itus.     In  carrying  out  this 
idea  the  large  pump  was  procured,  and  the  box  and  barrel  tank  fitted  up  as  else-  , 
where  described. 

Several  tests  with  these  and  also  the  mounted  macliines  were  made  on  August 
18  to  23.  Side  and  end  issue  nozzles  were  used  and  tested  in  every  possible  manner 
to  the  satisfaction  of  myself  and  several  gentlemen  present.  During  these  tests  the 
orifice  in  the  side-issue  (Cyclone)  nozzles  was  three  times  enlarged,  until  they  were 
made  one-sixteenth  of  an  inch  in  diameter  at  which  size  they  worked  very  well. 

Considering  the  different  tests  made  as  to  rapidity  of  spraying  we  were  able  to 
reach  a  speed  of  4  acres  per  day  under  the  most  favorable  circumstances,  but  gen- 
ei^erally  averaged  about  3  acres  or  a  Uttle  better  with  the  Cyclone  nozzles.  With 
the  end-issue  (Climax)  nozzles  we  were  usually  able  to  make  a  little  better  speed  and 
to  more  thoroughly  drench  the  vines,  the  amount  of  spray  passing  these  nozzles 
being  greater  than  the  side-issue  nozzles,  though  the  opening  is  of  less  size,  being 
but  one  twenty-fifth  of  an  inch  in  diameter.  Tlus  is  probably  explained  by  the  fact 
ot  the  liquid  passing  these  nozzles  in  a  straight  line,  while  in  the  Cyclones  it  is  ar- 
rested in  the  eddy  chamber  and  issues  from  the  side. 

The  spray  from  the  Climax  nozzle  also  reaches  to  a  farther  distance  than  from  the 
Qyclone. 

The  best  rate  of  speed  made  with  the  end-issue  nozzles  was  4  acres  per  day  or  a 
little  better.  However,  in  all  these  tests  the  measurement  was  for  a  full  stajid  of 
vines,  whioh  is  often  not  the  case,  and  the  missing  hiUs  would  accelerate  the  speed 
of  spraying.  Also  the  tests  were  made  when  the  vines  were  nearly  or  quite  full 
grown,  when  in  practice  spraying  would  doubtless  be  done  a  montn  earlier,  thus 
fessenin^  very  much  the  surface  of  vine  to  be  covered  and  making  the  probabilities 
<ii  reachmg  the  under  side  of  all  the  leaves  much  greater. 

The  general  expression  of  those  witnessing  the  tests  was  in  favor  of  the  end-dia- 
charge  nozzles,  but  taking  into  consideration  the  fact  that  much  of  the  spraying 
would  be  done  before  the  vines  had  attained  such  a  top  growth  as  when  this  work 
was  done,  the  side-issue  nozzle  might  prove  equally  serviceable.  Certainly,  for  de- 
livering spray  into  the  top  of  the  vines,  the  end  nozzle  is  best. 

8o  far  as  the  gentlemen  >\'itnessing  the  different  tests  expressed  themselves,  they 
were  decidedly  of  the  opinion  that  the  spray  apparatus  was  a  success,  and  that  a 
maximum  speied  of  at  least  4  acres  per  day  could  be  easily  acquired  with  a  liUle 
IMracdce. 

LOCAL  EFFORTS  MADE  TO  DESTROY  THE  HOP-LOUSB. 

Comments  concerning  the  attempts  made  by  local  growers  to  destroy  the  lice  were 
occasionally  heard  during  my  wort,  but  I  was  able  m  but  one  case  to  get  the  facts 
as  to  the  means  used  with  some  probable  degree  of  certainty.  This  was  the  work 
done  by  Mr.  T.  F.  Pier,  of  Springfield  Centre,  Herkimer  County.  IVIr.  Pier  is  an  old 
gentlemen  of  large  experience  in  hop-growing,  having  grown  and  decdt  extensively 
m  them  all  his  life. 

Last  season  (1886),  when  he  saw  that  his  hope  were  going  to  be  utterly  ruined  if 
something  was  not  done,  he  went  to  work  and  sprayed  them  in  the  following  man- 
:  A9  nmr  as  he  could  recollect  he  put  25  pounds  of  tobaocQ  waste  in  a  luge 
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ed  it  thorooKhiy,  then  put  the  decoction  thus  made  into  tOO  gallons 

1  was  sprayed  onto  the  hoie  by  means  of  an  old  garden  engine,  flrawn 
irse.  One  man  drove,  another  worked  the  pump,  and  a  third  held 
lere  was  no  spray  atta4:liment  used;  the  nOExls  threw  a  three-eiglillis 
id  stream  and  Hie  hills  were  thoroughly  wet  down.  Much  of  tlie 
;  wasted.  Two  applications  were  made  early  in  July,  about  the  10th. 
>lication  almost  entirely  destroyed  the  lice  bo  that  vines  made  some 
le  Injury  was  already  bo  great  that  tfiere  was  no  crop,     Mr.  pier 

much  better  this  year  from  the  effects  of  treatment,  as  they  were 
e  their  growth  and  thus  leave  the  roots  in  better  sliape  for  this  year. 
it  his  crop  this  year  was  heavy  and  of  very  fine  quaUty.  About  300 
MM>  waste  was  used  and  16  acres  of  yard  treated, 
another  instance  where  a  grower  sprayed  his  hops  with  strong  to- 
I  ftiid  saved  tliem,  but  the  odor  of  tobacco  was  so  strong  on  the  burs 
st  worthless.  We  were  not  able  to  personally  inquire  into  this  case, 
t  of  common  eipression  among  KroKers  thax  sowing  buckwheat  was 
e  a  protection,  but  last  season,  when  there  was  abundant  opportunity 

yaiil  was  saved  by  this  means  tliat  we  could  hear  of,  and  from  our 
>  the  conclusion  that  it  would  not  be  of  much  eflficacy;  and  as  aprac- 

does  ruin  the  yard. 


TUBE—BEPOBT    OF    THE    YEAR'S    OPEBA- 
TIONS. 

MADE   TO   THE    ENTOMOLOGIST, 
By  Phiup  Walker,  Agent  in  charge. 

(pondence  of  the  Silt  Section  of  the  Division  has  in- 
■  materially  during  the  past  year,  6,973  letters  having 
i  during  1888.  The  experimental  silk  filature  has,  na 
been  explained  (pagg  if  of  the  Commissioner's  report 
lent),  been  virtually  at  a  standstill  since  the  7th  of  Feb- 
the  old  model  Sen-ell  automatic  machines,  were  removed 
n  for  those  of  more  recent  construction  which  were  men- 
last  annual  report.  These  machines,  however,  did  not 
tion,  and  I  have  been  at  work  ever  since  in  endeavoring 
am  so  as  to  produce  a  yeally  automatic  silk-reel.  I  have 
ery  reason  to  believe  that  I  have  accomplished  the  de- 

tnre  is  situated  in  the  museum  of  the  Department  it  haa 
t  best  to  keep  a  hand-reel  in  operation  for  the  benefit  of 
I  that  reel  I  have  consumed  168  kilograms  of  cocoons 
i  3&  kilograms  of  silk.  No  attempt  has  been  made  to 
rk  within  economic  limits,  as  will  he  seen  by  the  result, 
,nce  with  your  instructions  I  operated  two  machine  of 
natic  type  at  the  Oincinnati  Exhibition  during  the  past 
ley  attracted  a  great  deal  of  attention  and  did  good  serv- 
icing thft  people.  We  also  exhibited  samples  of  cocoona 
various  models  and  charts  instructive  to  silk-raisers. 
1  will  also  be  represented  at  Paris  by  samples  of  Ameri- 
md  silk  produced  at  our  filature. 

DISTRIBUTION  OP  SILK-WORM   EGGS. 
we  distributed  150  ounces  of  the  following  varieties: 
«i  (Umbrian  race). 
inquilli  (Ascoli  race), 
rcolini  (Marches  race), 
■dier  (Cevennes  Ttu;e). 
baud  I'Ange  (Lower  Alps  race). 
ilier  &  Bequier  (Var  race). 
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hey  were  distributed  to  the  following  States  : 


states  and  Territories. 


Alabama 

Arkansas 

Colorado 

Connecticut 

Dakota 

Delaware 

District  of  Columbia 

Florida 

Georgia 

Illinois 

Indiana 

Indian  Territory 

Iowa 

Kansas 

Kentucky 

Louisiana 

Marshland 

Massachusetts    

Minnesota 


Lots. 

Ounces. 

88 

8 

27 

4* 

1 

i 

2 

f 

2 

i 

1 

i 

1 

i 

72 

18 

50 

lU 

61 

6i 

64 

8* 

2 

t 

8 

♦ 

166 

28fr 

29 

6i 

27 

et 

18 

2| 

6 

u 

4 

i 

states  and  Territories. 


Mississippi 

Missoiui 

Nebraska 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

Ohio 

Pennsylvania 

South  Carolina 

Tennessee 

Texas 

Utah 

Virginia 

Washington  Territory 

West  Virginia 

Wisconsin 


Ounces. 


4* 

i 
U 

i 

u 

dft 
8J 
7| 
21i 
i 
5 

it 


For  the  first  time  in  the  history  of  the  office  the  demands  far  ex- 
ceeded the  supply  of  eggs,  and  after  having  distributed  1,037  lots  of 
eggs,  as  shown  above,  varying  in  quantity  from  one-eighth  ounce  to 
one  ounce  (25  grams)  there  still  remained  698  unfilled  applications. 
The  season  begins  in  Florida  in  Februarj^  and  in  Wisconsin  in  May,  so 
that  the  silk-raisers  of  the  South  had  in  general  their  wants  sup- 
plied, while  those  of  the  North,  applying  later,  we  were  forced  to 
deny  or  to  supply  with  one-eighth-ounce  lots.  This  exhausting  of 
our  supply,  the  burden  of  which  fell  upon  the  States  raising  the  larg- 
est crops,  had  a  very  material  effect  on  the  cocoon  product,  as  wul 
bo  seen  later  on. 

In  order  that  the  same  difficulty  should  not  again  arise,  we  have 
this  year  purchased  500  ounces  of  eggs,  as  follows : 

French,' — Deydier  (Cevennes  race). 

Italian. — Mercolini  (Marches  race),  Pucci  (Umbrian,  two  races). 

These  500  ounces  of  30  grams  have  been  divided  into  2,495  boxes 
of  one-quarter  ounce,  the  smallest  quantity  which  will  this  year  be 

given  to  one  person.     Already  (February  1)  there  are  more  than  900 
oxes  promised  to  700  applicants. 

PRODUCTION  OF  COCOONS  IN  THE  UNITED  STATES  IN  1888. 

The  production  of  cocoons  in  the  United  States  has  probably  de- 
creased during  the  last  year.  Of  the  crop  of  1887,  as  stated  in  my 
last  report,  6,174  pounds  were  purchased  as  follows  : 

Pounds. 

Washington 2, 213 

Philadelphia 2,196 

Peabody ,  Kans 1 ,  765 

Total  purchases  east  of  the  Rocky  Mountains 6, 174 

The  crop  of  1888  has  been  purchased  as  follows  : 

Pounds. 

Washington 2, 038 

Philadelph  ia 1 , 1 93 

Peabody,  Kans 682 

Total  purchases  east  of  the  Rocky  Mountains 3, 913 
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From  tllis  it  will  be  seen  that  the  purchases  of  this  filature  fall  be- 
\ovr  those  of  last  year  by  nearly  200  pounds :  those  of  Philadelphia 
show  a  decrease  of  1,000  pounds,  and  those  of  Peabody  a  diminution 
of  1,083  pounds,  making  the  total  purchases  of  the  crop  of  1888  2,261 
pounds  less  than  the  crop  of  1887. .  I  have  been  able  to  obtain  no  re- 
turns from  California. 

On  the  face  of  these  returns  it  would  seem  that  the  interest  in  silk- 
culture  in  the  United  States  had  decreased  very  materially  between 

1887  and  1888.  I  do  not,  however,  think  that  this  is  a  fact.  I  as- 
cribe the  decrease  more  especially  to  the  fact  that  we  were  not  able 
last  year,  as  has  already  been  stated,  to  fill  the  application  for  silk- 
worm eggs.  Of  the  crop  of  1887,  we  received  two  nundred  and  sev- 
enty-nine lots  ;  of  the  crop  of  1888,  we  received  four  hundred  lots. 
In  1887,  eighty-one  samples  were  sent  us,  which  were  not  followed  by 
lots,  our  bids  not  being  accepted.  In  1888  ninety-eight  persons  sent 
samples  without  sending  lots.  From  this  it  will  be  seen  that  we,  in 
1887,  communicated  with  three  hundred  and  sixty  correspondents  in 
regard  to  the  purchase  of  cocoons,  while  in  1888  that  number  rose  to 
four  hundred  and  ninety-eight. 

On  the  other  hand,  it  will  be  observed  from  the  list  which  follows 
that  in  1887  sixty-four  persons  received  more  than  810  for  their  sea- 
son's work,  and  that  nine  persons  received  more  than  $40,  while  in 

1888  only  forty-eight  persons  received  more  than  $10,  and  nobody 
was  paid  as  much  as  $40.  In  1887  the  average  price  paid  for  each 
lot  of  cocoons  was  $7.81 :  in  1888,  it  fell  to  $4.53. 

I  attach  hereto  also  a  list  of  purchases  from  each  State  and  Terri- 
tory by  the  different  purchasing  filatures.  It  will  enable  one  to  un- 
derstand where  the  principal  interest  in  silk -culture  is  shown: 


List  of  persons  receiving  more  than  $10 /or  their  cocoons, 

CROP  OF  I88r. 


.i 


Name. 


Mrs.  L.  R.  Fuller 

Martin  Biajer 

Mary  W.  Lei^h 

SMcSmith 

Baab  &  Leibroch 

Mrs.  D.  D.  Gleaaon 

Eva  Alden 

8.M.  Wilson 

Qustav  Hardr 

Mrs.  Mollie  Miller 

Fred  W.Scott 

James  Maiz 

George  Nixon 

Sallic  Harris 

Mrs.  H.C.Roberts 

Martha  Delaney 

Lena  Beeker 

Henry  L.  Briggs 

J.  B.  Mercer 

Mhmie  Partridge 

Mrs.  J.  M.  Fakes 

Mrs.  J.  S.  Douglas 

Mlas  T.  M.  Eberhardt 

Kate  F.  Newkirk 

Mrs.  E.  R.  MiUer 

Mrs.  W.  J.  Nclthorpe 

Jesrie  Franklin 

Mrs.  J.  R.  Seymour 

MissLibbie  PAull 

H.  W.Seaver 

Mrs.  Adelle  Walton 

A.  G.  and  V.  E.  Hinckley. . . 

AG  88 8 


Town. 


darkesville 

Conant 

Clarksville 

Carth^re 

Nashville 

Rosedale 

Aii^wifft. 

Buffalo 

Maxville 

Baltimore 

Elmwood  ^ 

Northampton.. 
Jefferson  City . 

Woodbura 

Spring  Arbor. . 

Carbondale 

Herbom 

Schuyler 

New  Supply  . . . 

Paris 

Carbondale 

Zanesville 

Bronson 

Harrell's  Store 

Fair  View 

Burlington 

Saundersville.. 

Newark 

Gahanna  

Harreirs  Store 

HoUow 

Galesburgh . . . 


County. 


Habersham. 

Perry 

Mecklenburg . . 

Jasper 

Washington 

Jersey 

Kent 

Wilson 

Perry 

Fairfield 

Cass 

Hampshire . 

Cole 

Macoupin 

Jackson 

Jackson 

Shelby 

Colfax 

Brunswick 

Edgar  

JacKson 

Muskingum 

Branch  

Sampson 

Concordia 

Calhoun 

Sumner 

Licking 

Franklin 

Sampson 

Saint  Louis — 
Knox 


State. 


Georgia 

BlinolB 

Virginia 

MiKOuri ........ 

Illinois 

...do 

Michigan 

Kansas 

Ohio.. 

do 

Nebraska 

Massachusetts.. 

Missouri 

Illinois 

Michigan 

Illinois 

...do 

Nebraska 

North  Carolina. 

Illinois 

...do 

Ohio 

Michigan 

North  Carolina . 

Louisiana 

Michigan  ....^. . 

Tennessee 

Ohio 

....do 

North  Carolina. 

Missouri 

Illinois 


paid. 


$10.60 
10.60 
10.60 
10.  OS 
11.08 
11.08 
11.60 
11.65 
11.66 
1:2.07 
12.10 
18.60 
12.66 
18.66 
18.(18 
18.  OS 
18.18 
18.75 
18.80 
18.91 
18.94 
14.17 
14.80 
14.70 
16.68 
15.96 
16.07 
17.06 
17.05 
17.88 
18.11 
18.15 
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List  of  persons  receiving  more  than  ^10  for  their  cocoons — Continued. 

CROP  OF  1887— Continued. 


Name. 

Town. 

County. 

State. 
TUinois 

Amount 
paid. 

Miss  Louisa  Benoit 

Woodbum 

Macoupin 

Butler 

118.40 
18  62 

Mrs.  S.  C.Allen 

Da^aCity 

Nebraska 

Marvlnnrl 

Mrs.  Richard  Willis 

Towson 

Baltimore 

Randolph 

Anderson 

Jasper 

18  70 

Amos  K.  Glen 

Pli^Jr 

Illinois 

10  55 

TaicW  WiM<am<T 

Brushy  Creek 

Cartenrille 

South  Carolina  .. 
Missouri 

fiO  2S 

J.  S.  Ferguson 

20  70 

Mrs.  O.  Q.  Thompson 

GK>ldsborough 

Corwin 

Wayne 

North  Carolina... 
Ohio 

21  27 

Qeorge  Langman 

Preble 

22  00 

Kate  Early 

Fair  Haven 

....  do 

....  do 

22  00 

Mrs.  AdelUo  Tilton 

Oanal  Fiilt^n 

Stark 

....do 

22  57 

Mrs.  F.  W.  Curtis 

Areola 

Douglas 

Madison 

Johnson  

Saint  Tammany 

Anderson 

Will 

Illinois 

28  00 

Henry  L.  Judd 

Marine 

....do 

23  00 

Almeda  Adams 

Montserrat 

Missouri 

28.63 

H.  Dutsch • 

Covington 

Brushy  Creek 

Mokena.  t >. . . . 

Louisiana 

South  Carolina. .. 
Illinois 

26  45 

Jennie  Rosamond 

27  00 

Mary  E.  £jnny 

28  75 

Mrs.  E.  A.  Glbbs 

Palatina 

Brushy  Creek 

Goldsborough 

Spring  Garden 

Woodbum 

Cook 

....do 

31  62 

Jennie  Rosamond 

Anderson 

Wayne 

South  Carolina  . . . 
North  Carolina  . . . 
Florida 

32  77 

M.  T.  Jones 

85.70 

Mrs.  Lucy  M.  Fox 

Volusia 

88  00 

Mattie  C.  Younfif 

Macoupin 

Orange 

Illinois 

43  98 

R.  M.  Newman 

Gordonsrille 

Virginia 

46.40 

P.  A.  Williams 

Tamaroa 

Perry 

Illinois,  

48  60 

Macrtrie  Brayshaw 

Du  Quoin 

. .,  .do 

....do 

51  75 

E  M.  Palmer 

Giendale 

Pope 

....do 

61  76 

J.  B.  Dickey 

Newton '. 

Harvey 

Kansas  ...,,. 

64  54 

J.  C.  Muller 

New  Orleans 

Orleans 

Louisiana 

Missouri 

64  62 

Mrs.  F.  J.  Adams 

Montserrat 

Johnson   

Madison 

77.91 

Henrv  L  Judd      

Marine 

Illinois 

98  00 

Total  number  of  lotg 

Lots  costing  more  than  flO 


270 
64 


CROP  OF  1888. 


Name. 


Mrs.  H.E.Preston 

Mrs.  Alfred  Falmestock. 

Miss  Eva  Alden 

John  M.  Hanssen 

AUssL.  Addie  Gaston  . . 
Miss  Clara  A.  Cooper  . . 

Miss  Clara  Slough 

Martin  Moss 

Mrs.  A.  J.  Mercer 

Justus  Baab 

Mrs.  Sarah  B.  Johnson . 
Mrs.  R.  S.  Fairbanks  ... 

David  Jones 

James  L.  Webb 

Mrs.  I.  D.  Graham 

Mrs.  Fred  A.Rejoiolds. 

Mrs.  J.  S.  Ramsey 

Martin  Mayer 

Fred  Josse 

Miss  Minnie  Jager 

Willard  Thing 

D.G.Friesen 

Nettie  Painter 

Mrs.  Carrie  Price 

Mrs.  Kate  C.  Dutton  . . . 

A.  Jane  Ball 

Miss  Maggie  Brayshaw 

Mrs.  H.  JI.  Jeter 

Mrs.  George  J.  Ford  . . . 
Miss  Clai-a  A.  Cooper. . 

Mrs.  D.  L.  Gibson 

Beulah  Wallace 

Miss  Jennie  Rosamond 
Miss  Hannah  Seavey  . . 
Johi^Ripkenbaoher — 
Mrs.  M.W.  Dare 


Grant  Park Kankakee 

Chambersburgh Franklin . 

Alaska Kent. 

Grand  Island Hall 

Duncans 

Henderson  . . 

Daytona ,  Volusia 

Goodwin's  Comer. 

New  Supply 

iville 


County. 


State. 


Spartanburgh 


Nashvi 

Penfleld 

Lindenville  . . 
Wyoming  . . . 
Anderson  — 

Lane 

Buda 

Oconee  Mills. 

Conant 

Piqua 

Neosho 

Du  Quoin 

Jansen 

Rockingham. 

Kosse 

Toronto 


Union 

Brunswick . . . 
Washington  . 
Champaign . . 
Ashtabula  . . . 

Stark 

Madison 

De  Witt 

Bureau 

Hall 

Perry 

Miami 

Newton 

Perry 

Jefferson .  . . 
Rockingham. 
Limestone.. . 

Woodson 

Bradley 


Cleveland 

Du  Quoin Perry 

Areola Douglas 

Carlton  Station |  Orleans . 

Hen<ier»on Knox  . . . 

Plj  ftiouth    Marshall 

Bloom !  Cook  . . . 

Bni»«by  Creek Anderson 


HarrolVs  Store 
Gahanna 
Newark  . 


Sampson 
Franidin. 
Knox 


Illinois 

Pennsylvania 

Michigan 

Nebraska 

South  Carolina , . 

Illinois 

Florida 

hifliaua 

X»^rt:i  Carolina . . 

lilinoiK  

...do 

Obio 

Illinois 

Indiana 

Illinois 

...do 

Georgia 

Illinois 

Ohio 

Missouri 

Dllnois 

Nebraska 

Virginia 

Texas  

Kansas    

Tennessee 

Illinois 

....do 

Now  York 

Illinois 

Indiana 

Illinois ». 

South  Carolina . . 
North  Carolina . . 

Ohio 

Missouri 


Amount 
paid. 


$10.00 
10.20 
10.28 
10.35 
10.72 
10.75 
10.76 
10.80 
11.00 
11.00 
11.00 
11.02 
11.25 
11.56 
12.00 
12.20 
12.25 
12.66 
12.80 
12.98 
12.90 
18.  SO 
13.81 
14.06 
14.25 
14.85 
15.60 
15.75 
19.12 
19.60 
20.18 
20.80 
20.86 
20.47 
22.00 
22.60 
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List  of  persona  receiving  more  than  $10 /or  their  cocoons — Continued. 


Name. 


Town. 


ChUo 
Piqua 


Mifls  Anna  Kohler 

Mrs.  Sarah  L.  Jones 

Dora  Loujnnan '  Corwin 

Mrs,  C.  M.  Wilson Hebron 

Mrs.  Sarah  Lackey !  New  Bellsville 

J.  Gottlieb  Schatz '  Amboy 

Miss  Amanda  SheJton i  Areola 

Mrs.  Fannie  Forbes I  Concordia  — 

Mrs.  F.  W.  Curtis  ;  Areola 

Mrs.  L.  Vial '  Cav(>  City 

Mrs.  E.  Hackey Pleasonton  . . . 

Fred  Josse Piqun 


County. 


State. 


Clermont  . 

Miami 

I'reblo 

Vorter 

Brown 

Blue  Earth 
l)oufflas  . . . 

aoud 

Douglas  ... 

Barren 

Linn 

Miami 


OJiio 

,...do 

. . .  .do 

Indiana . . . 

...do 

Minnesota 
Illinois — 
Kansas.. . . 
Illinois.... 
Kentucky 
Kansas . . . 
Ohio 


Amoimt 
paid. 


$22.50 
28.10 
26.20 
25.72 
25.86 
26.26 
26.60 
29.32 
29.70 
32.88 
84.12 
88.86 


Total  number  of  lots 400 

I>0t8  costing  $10  or  more 48 

Product  of  cocoons  for  the  cro^i  of  1888,  as  shown  by  the  purchases. 


States  and  Territories. 


Washing- 
ton. 


Alabama 

Ariz<Hia 

ArkaoiMs 

California 

Colorado 

Ck>nnecticut 

Dakota 

Delawai-c 

District  of  Columbia 

Florida 

Georgia 

Idaho 

Illinois 

Tt)f!i«.nA 

Indian  Territory 

Iowa 

Kansas* 

Kentucky 

Louisiana 

lifUne 

Maryland 

Uusacbusetts 

Michigan , 

Minnesota 

Mississippi 


Lb.  oz. 
82  4 


15  14 


1  8 


3  4 
71  12 
31  3 


440  2 

178  10 

2 

14  4 

201  10 

62  12 

36  10 


6  3 
10  8 
35  2 
37  14 

2  8 


Philadel- 
phia. 


Lb.  oz  ' 
5    7 


8  12 


2  18 


6    1 


72    6 

1    0 


140    0 
70  13 

'isi'is' 

40    5 
10    4  , 


10    6 
6    2 
93    3  , 


States  and  Territories. 


Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina . 

Ohio 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina . 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia  . . 

Wisconsin 

Wyoming 


Total 


Philadel- 
phia. 


Lb.  oz, 
162  11 


46  14 


10  11 


22    8 

54    8 

304    4 


45    0 


78    2 

84  15 

66    7 

2    4 


62    8 


12 

8 


2,068    0 


S    8 


2  14 

12  10 

875  Hi 


96    7i 

i'i* 

88    0 


1,108    0 


*  In  addition  to  this,  Kansas  produced  682  pounds,  purchased  by  the  station  at  Feabody. 


CO-OPERATING  ORGANIZATIONS. 

During  the  past  year  the  work  of  the  Kansas  State  Silk  Commis- 
sion has  been  continued  at  Peabody ,  Kans.  Unfortunately,  however, 
too  great  a  in-oportion  of  its  biennial  fund  was  expended  during  the 
first  year,  and  the  commission  has  been  somewhat  cramped  finan- 
cially of  late.  It  has,  however,  made  material  purchases  of  cocoons, 
as  shown  elsewhere,  and  has  been  generally  of  great  assistance  to 
sericulture  in  Kansas  by  giving  advice  and  encouragement  to  silk- 
raisers  in  that  State. 

Th(?  Women's  Silk  Culture  Association  of  the  United  States  at 
Philadelphia  has  been  working  under  an  appropriation  of  $5,000  for 
the  la.st  fiscal  year,  and  tliis  ap])ro})riation  has  been  repeated  for  the 
year  ending  June  30.  ISiSi).  The  association  submitted  a  report 
to  Congress,  through  this  Department,  August  17,  1888,  showing  its 
operations  for  the  fisoal  year  then  just  terminated,  and  this  report 
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was  published  (H.  R.  Mis.  Doc.  No.  103,  50th  Cong.,  2d  sess.).  Since 
the  publication  of  that  report  its  president  has  forwarded  us  a  sum- 
mary of  their  purchases  of  cocoons,  which  will  be  found  on  another 
page.  She  also  informs  me  that  they  have  distributed  during  the 
summer  5,338  mulberry  trees. 

The  Ladies'  Silk  Culture  Society  of  California  was  also  the  recip- 
ient of  an  appropriation  of  $5,000  during  the  last  fiscal  year,  which 
was  reduced  to  $2,500  for  the  present  year.  The  principal  endeavors 
during  the  last  year  were  to  get  their  mulberry  orchard  at  Piedmont 
into  good  condition  preparatory  to  more  extensive  operations.  A 
report  of  their  work  lor  that  period  has  already  been  submitted  to 
Congress  and  published  (H.  K.  Mis.  Doc.  No.  543,  50th  Cong.,  1st 
sess!). 

Congress  also  made  an  appropriation  for  the  present  fiscal  year  to 
enable  Mr.  Joseph  Neumann,  of  Calif ornia,  to  experiment  witn  what 
was  claimed  to  be  a  newly  discovered  native  silk-worm.  His  report, 
which  was  recently  submitted  to  Congress  and  printed  (Sen.  Mis. 
Doc.  No.  29,  50th  Cong.,  2d  sess.),  shows  that  he  had  rediscovered 
the  Attacus  cecropia,  a  worm  which  has  been  well  known  to  natural- 
ists in.  this  country  for  a  long  period  of  time,  and  whose  habits  have 
long  since  been  thoroughly  studied. 

A  new  organization*  nas  appeared  at  Baltimore,  Md.,  entitled  the 
Southern  Land  and  Silk  Association.  This  association  has  pur- 
chased land  in  the  neighborhood  of  Annapolis  and  has  colonized  it 
with  about  thirty  families.  The  coming  season  will  be  their  first, 
and  therefore  there  is  no  report  to  be  submitted  upon  their  work. 

APPARATUS  FOR  WASHING  SILK-WORM  EGGS. 

In  the  production  of  silk-worm  eggs  there  is  always  a  certain 
quantity  of  light  and  worthless  eg^s  as  well  as  much  loose  dirt  which 
should  be  removed  before  the  gram  is  put  upon  the  market.  This 
may  be  done  by  relying  on  the  fact  that  the  good  eggs  will  generally 
sink  and  the  bad  ones  and  the  dirt  rise  to  the  surface  in  a  vessel  of 
water.  At  our  request  we  were  furnished  with  designs  of  an  excel- 
lent apparatus,  embodying  these  principles,  by  Signer  G.  B.  Deber- 
nardi,  editor  of  the  journal  Industria  Sericay  of  Turin.  The  appara- 
tus was  invented,  we  believe,  by  one  Broglio,  of  Bologna. 

It  consists,  as  we  have  had  it  constructed,  of  five  tin  reservoirs, 
B,  C,  D,  E,  and  F,  Plate  V,  fig.  1,  inside  of  each  of  which  there  is  a 
movable  lilting  with  a  perforated  bottom.  The  eggs  are  placed  in 
the  reservoir  B  and  a  stream  of  water,  sufficiently  strong  to  keep  the 
eggs  in  motion,  is  admitted  through  the  inlet  pipe  A.  The  light 
eggs,  as  well  as  some  of  the  good  ones,  rise  to  the  surface  and  over- 
flow into  the  pan  C,  thence  to  D  and  E,  and  finally  to  F,  from  which 
latter  reservoir  the  water  passes  through  the  outlet  pipe  G.  In  each 
overflowing  some  of  the  good  eggs  will  go  to  the  bottom  while  the 
light  ones  will  continue  on  the  surface  and  be  finally^  collected  in  the 
pan  F.  It  is  found  that  one  or  two  repetitions  of  this  operation  will 
remove  all  the  light  or  poorly  fecundated  eggs. 


»x 


SCIENTIFIC  TESTING  OF  COCOONS^ , 


In  the  scientific  determination  of  the  value  of  the  cocoons  of  the 
Boinbyx  mori,  many  more  features  are  studied  than  is  thought  nec- 
essary in  commercial  dealings.    The  silk-reeler,  beyond  the  observa- 
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tion  wliich  he  can  give  by  sight  and  touch,  and  the  rough  estimation 
of  doubles  and  satiny  cocoons,  never  puts  fresh  cocoons  to  any  fur- 
ther or  more  searching  test.  In  the  purchase  of  dry  cocoons,  which 
are  usually  bought  in  larger  lots  than  fresh  ones,  he  takes  the  addi- 
tional precaution  of  having  one  or  two  kilograms  reeled  by  his  more 
expert  operatives  and  noting  the  rendition  and  the  quality  of  the  silk 
produced. 

The  scientist,  however,  more  especially  in  the  comparison  of  races, 
pushes  his  researches  further.  At  the  suk  laboratory  at  this  Depart- 
ment, the  following  observations  are  made  upon  a  sample  of  twenty 
cocoons  so  selected  as  to  represent  the  lot  which  is  the  object  of 
study: 

The  dimensions  of  all  the  cocoons  are  determined  ;  that  is  to  say, 
the  length  and  the  diameters  at  one  end  and  at  the  constricted  center. 

Each  cocoon  is  weighed  in  milligrams.  Weighing  to  one-tenth  of 
a  milligram  is  so  delicate  an  operation  that  it  is  not  thought  worth 
while  to  pass  the  time  necessary  therefor,  as  the  results  would  be  of 
but  little  if  any  greater  value. 

The  cocoons  are  then  divided  into  three  lots,  consisting  of  ten  co- 
coons for  reeling,  six  cocoons  for  boiling  off,  and  four  cocoons  for 
volumetric  determinations. 

The  reeling  is  performed  upon  a  special  machine  which  is  a  modi- 
fication of  my  own  design  of  the  one  used  in  the  Lyons  laboratory. 
It  will  be  described  further  on.  The  single  cocoon  is  here  taken, 
and  the  end  having  been  obtained  with  the  production  of  as  little 
frisons  as  possible,  is  unwound  in  skeins  of  one  nundred  meters  each. 
Between  each  of  these  skeins  a  sample  five  meters  lon^  is  taken  off  on 
^a  card  for  miscroscopical  measurements  and  serimetric  tests  of  its  te- 
nacity and  elasticity.  The  total  length  of  the  filament  of  each  cocoon 
is  thus  found,  together  with  its  diameter,  strength,  and  elasticity  at 
each  one  hundred  meters.  The  weights  are  also  ascertained  of  the 
frisons,  reeled  filament,  and  telette.* 

In  the  boiling  off  the  six  cocoons  are  first  dried  in  the  conditioning 
oven  until  all  the  water  is  expelled.  The  correction  thus  noted  is 
applied  in  obtaining  the  net  weight  of  all  of  the  twenty  cocoons  of 
the  sample.  They  are  then  cut  open  and  the  chrysalides  and  cast- 
ings removed  and  weighed.  The  silken  pods  are  also  weighed,  all 
six  together.  They  are  then  thoroughly  boiled  in  distilled  water  to 
remove  the  wax,  and  then  in  a  saturated  solution  of  white  castile 
soap  to  dissolve  the  gluten  {grds).  They  are  dried  and  weighed  after 
eacn  operation,  and  we  have  thus  the  weight  of  the  chrysalides  and 
castings,  and  of  the  wax,  gluten,  and  fibnne  of  the  silken  pod. 

The  remaining  four  cocoons  are  measured  in  the  Blanc  volumeter, 
to  be  further  described. 

For  the  greater  facilitation  of  the  many  operations  entailed  in  the 
boiling  off  I  have  devised  a  small  multiple  hook,  shown  in  Plato  XI, 
fig.  4.  It  consists  of  a  small  German-silver  wire,  at  the  top  of  which 
is  an  eye  and  at  the  bottom  a  small  plate,  from  which  radiate  six 
hooks.  The  six  cocoons  are  first  well  slashed  with  a  section-cutting 
knife,  so  that  the  chrvsalides  and  castings  may  be  easily  removed  at 
the  proper  stage.  They  are  then  firmly  afl&xed,  one  to  each  of  the 
radiating  hooks,  and  there  they  remain  during  the  whole  series  of 
determinations,  the  boiling  kettles  and  drying  oven  being  so  arranged 

*Telett€n    That  portion  of  the  cocooa  and  chrysalis  remaining  after  all  the  silk 
possible  has  been  unwound.  «>^<  ^^   ^> 
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that  tliey  may  be  conveniently  suspended  in  them.  The  handling  of 
the  cocoons  is  thus  entirely  avoided,  as  the  wires  are  always  grasped 
by  a  special  form  of  pincers  and  moved  from  one  inece  of  apparatus 
to  another. 

The  balance  used  is  one  made  especially  for  me  by  Troemner,  of 
Philadelphia,  and  so  adjusted  as  to  weigh  to  1  millimeter  on  the 
divided  beam.     This  insures  rapid  and  sufficiently  accurate  work. 

APPARATUS   FOR  MAKING  THE  ABOVE  TESTS. 

Indicator  Oven  for  drying  Cocoons. 

It  has  been  stated  that  in  the  boiling  off  of  cocoons  it  is  necessary 
to  carefully  dry  the  sample  under  inspection  at  each  sta^e  of  the  op- 
eration. The  necessity  of  this  will  be  understood  when  it  is  remem- 
bered that,  besides  the  free  water  adhering  to  the  silk  upon  its  re- 
moval from  the  boiling  kettles,  the  fiber  itself  will  absorb,  oimoisture, 
as  much  as  24  per  cent,  of  its  dry  weight.  It  is  therefore  not  possible 
to  know,  without  thus  reducing  to  absolute  dryness,  what  proportion 
is  water  and  what  silk.  In  an  atmosphere  of  ordinary  dryness  the 
silk  will  contain  about  10  per  cent,  of  water,  and  this  amount  has  been 
agreed  upon  as  a  standard.  In  what  is  called  the  **  conditioning**  of 
raw  silk  all  the  water  is  dried  off  in  a  "  conditioning  oven  "  and  the 
silk  is  weighed  while  still  in  the  oven.  To  the  weight  thus  deter- 
mined is  added  11  per  cent.,*  and  the  weight  thus  obtained  is  called 
the  *'  conditioned  weight''  of  the  silk. 

In  handling  the  many  small  samples  which  pass  through  our  labora- 
tory much  time  is  lost  in  drying  the  cocoons.  On  the  other  hand, 
the  operation  of  weighing  may  be  performed  with  rapidity.  The' 
greater  portion  of  the  water  is  first  driven  off  in  a  steam  bath  and 
the  cocoons  are  then  transferred  to  an  oven,  which  for  conven- 
ience I  call  the  "indicator,"  inasmuch  as  the  balances  used  are  not  of 
sufficient  delicacy  to  show  the  final  weight,  but  only  indicate  the 
time  when  about  all  the  water  has  been  expelled. 

This  indicator  consists  of  a  long  pan  with  a  triple  wall,  as  shown  in 
Pl.V,  fig.  2.  It  is  surmounted  with  six  small  balances,  each  ha  vine  a 
saddle  on  one  arm  of  the  beam.  To  the  other  arm  is  suspended  a 
pan  into  which,  the  saddle  being  at  zero,  is  poured  a  sufficient  quan- 
tity of  sand  to  counterbalance  the  weight  of  the  wet  cocoons.  As 
the  water  is  driven  off  the  cocoons  become  lighter,  and  the  saddle  is 
slipped  along  the  beam  to  counteract  the  loss.  When  this  reduction 
in  weight  ceases  the  cocoons  are  transferred  to  the  Troemner  balance 
mentioned  above,  and  accurately  weighed. 

Caliper  for  measuring  Cocoons, 

The  necessity  for  some  quick  method  of  measuring  cocoons  led  me  to 
devise  the  apparatus  shown  in  Plate  VI,  fig.  1 .  It  consists  of  a  pointer, 
D,  to  which  is  attached  a  finger,  B,  which,  in  a  position  of  repose,  rests 
upon  another  finger.  A,  attached  to  the  base  of  the  apparatus.  At  the 
end  of  the  pointer  is  a  divided  circle,  E,  whose  radius  is  four  times 
the  distance  from  A  to  the  center  of  movement.  The  axis  upon 
which  the  pointer  swings  is  terminated  by  a  milled  head,  C,  by  which 

*  Calling  the  dry  weight  lOOjper  cent.,  we  thus  have  100  per  cent,  plus  11  percent., 
which  equals  111  per  cent.  Now,  the  11  per  cent,  is  essentially  10  per  cent,  of  111, 
and  the  silk  so  reduced  thus  contains  10  per  cent,  of  water  as  stated  above. — P.  W. 
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tlie  pointer  can  be  maneuvered.  The  cocoon  to  be  measured  is 
placed  between  the  fingers  A  and  B  and  the  dimension  desired  is  at 
once  indicated  on  the  scale.  This  system  is  more  rapid  than  those 
which  employ  Vernier  or  other  calipers  and  is  sufficiently  accurate 
for  all  practical  purposes.  While  the  scale  indicates  but  millimeters 
it  is  possible  to  approximate  to  quarters  of  millimeters,  as  the  divis- 
ions are  at  least  5  millimeters  long. 

The  Blanc  Cocoon  Volumeter. 

Although  we  have  determined  the  principal  dimensions  of  our 
sample  cocoons  we  wish  to  obtain  still  further  information  by  study- 
ing their  volumes.  Th^  great,  diversity  of  form  existing  among 
coCoons  makes  it  imi^osaible  to  calculate  the  volumes  from  the 
length  and  diameter,  and  we  are  therefore  forced  to  have  recourse 
to  direct  experiment.  For  thin  purpose  we  employ  a  volumeter  de- 
signed by  Mr.  L.  Blanc,  of  Lyons,  and  constructed  for  us  by  Eimer 
&  Amend,  of  New  York,  after  designs  published  in  the  thira  annual 
report  of  the  Lyons  Silk  Laboratory.  It  is  shown  at  Plate  VI,  fig. 
2.  it  is  based  upon  the  fact  that  any  body  completely  submerged 
displaces  a  volume  of  liquid  equal  to  its  own  volume.  Mr.  Blanc's 
own  account  of  tlie  api)aratus  is  excellent  and  is  reproduced  here : 

The  volumeter  is  composed  of  a  reservoir,  B,  whose  dimensions  are  such  that  the 
largest  cjoooons  can  be  eaaily  introduced  into  it.  This  bottle  is  closed  by  a  stopper, 
\rhich  is  surmounted  by  a  tube,  A.  The  stopper  sets  into  the  mouth  of  the  b<Si;le 
with  a  ground  joint  wliich  is  carefully  adjustetl.  The  tube  A  is  divided  into  tentiis 
of  a  cubic  centimeter,  and  the  zero  of  the  graduation  (which  reaches  10  cubic  centi- 
meters) is  placed  at  its  lower  end. 

The  exact  capacity  of  this  apparatus  to  the  zero  point  being  known  it  is  easy  to 
determine  the  volume  of  any  cocoon  which  is  placed  in  it.  It  is  only  necessary, 
after  the  cocoon  has  been  inserted^  to  empty  into  the  upper  end  of  the  tube,  which 
is  slightly  enlarged,  a  volume  of  liquid  such  as,  were  the  instrument  pmpty,  would 
rise  to  the  zero  of  the  gi'adiiated  tul>e.  This  liquid,  instead  of  stopping  at  zero, 
mounts  higher  in  the  tube  bv  a  Cjuantity  equal  to  that  of  the  volume  or  titie  cocoon. 
A  simple  reading  of  the  scale  will  then  give  the  quantity  of  water  displaced  and 
consequently  the  volume  of  the  coccxm  placed  in  tne  reservoir. 

To  arrive  at  sufficiently  accurate  results  we  must  take  several  precautions.  We  be- 
gin by  preparing  the  cocoon.  After  liaving  taken  off  with  the  fingers  all  the  floss 
possible,  we  place  the  cocoon  on  the  end  of  a  needle  point  and  pass  it  lightly  through 
the  flame  of  an  alcohol  lamp,  in  order  to  remove  the  filaments  which  nught  adhere  to 
it  and  retain  air  bubbles.  Then,  to  prevent  the  action  of  water,  which  would  oth- 
erwise penetrate  the  ]xxi  and  soften  and  deform  it,  and  thus  interfere  with  the  re^ 
suits  of  the  experiment,  we  plunge  it  into  a  varnish  composed  by  dissolving  some 
fiaJke  shellac  in  alcohol.  After  leaving  it  for  a  minute  or  two  in  this  liquid  we  take 
it  out  and  jdlow  it  to  drip  and  dry.     It  is  then  ready  to  be  measured. 

The  apparatus  is  then  carefully  dried  and  the  edge  of  the  stopper  greased  with 
vaseline,  so  that  the  closing  may  be  hermetic.  The  cocoon  is  then  placed  in  the 
reservoir  and  the  stopper  is  allowed  to  fall  into  place  by  its  own  weight  only. 

This  done,  we  fill  with  water  a  pipette  which  nolds  the  same  quantity  of  liquid  as 
does  the  volumeter  up  to  the  zero  point  of  the  tube.  We  then  empty  this  quantity 
of  liquid  into  the  apparatus  through  the  upper  end  of  the  tube,  performing  the 
operation  slowly,  so  as  to  prevent  the  formation  of  bubbles.  The  water  will  fill  the 
apparatus  and  raise  the  cocoon  on  its  surface  until  it  reaches  the  upper  part  of  the 
bottle. 

We  then  ascertain  whether  there  is  any  air  left  in  the  apparatus, 
and  if  there  is,  we  cause  it  to  escape  by  stirring  the  cocoon  with  a 
small  greased  cojjper  or  iron  rod,  which  we  introduce  by  the  tube. 
When  the  liquid  is  at  rest  we  make  the  reading  on  the  tube,  and  we 
thus  have  the  volume  of  the  cocoon. 

It  is  well  to  make  several  measurements  with  the  same  cocoon  or  with  two  cocoone 
of  the  same  kind  and  take  their  mean. 
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As  the  tube  C  is  giuduated  to  tenths  of  a  cubic  centimeter  it  must  not  be  supposed 
that  the  approximation  attained  by  this  instrument  is  very  great.  We  can,  m  fact, 
in  filling  tne  pipette,  make  an  error  of  reading  which  would  be  equivalent  to  about 
a  fifth  of  a  ciibic  centimeter.  There  is  also  another  cause  of  error,  of  little  import- 
ance when  the  cocoons  are  large,  but  much  greater  when  the  cocoons  are  small,  and 
which  it  will  then  be  well  to  avoid.    This  is  the  moisture  on  the  pipette. 

In  fact,  when  we  empty  the  pipette  into  the  apparatus  a  certain  quantity  of  water 
always  adheres  to  its  sides  and  indicates  reduced  volume  for  the  cocoon.  If  we  wish 
to  avoid  this  cause  of  error  we  should  determine,  by  several  preUminary  trials  made 
with  an  exact  balance,  the  quantity  of  water  which  thus  remains  on  the  sides  of 
the  pipette. 

Fmally,  two  other  difficulties  may  present  themselves.  We  may  have  cocoons 
whose  volume  surpasses  10  cubic  centimeters.  In  such  a  case  we  should  reduce  the 
quantity  of  water  placed  in  the  apparatus  by  10  cubic  centimeters  and  add  that 
ugure  to  the  result  obtained. 

ViTe  may  also  wish  to  evaluate  the  volume  of  a  loosely  woven  cocoon,  such  as  that 
of  the  Cricula  trifenestrata.  We  must  then  close  all  the  openings  by  which  the 
cocoon  is  pierced.  To  do  this  we  should,  after  having  passed  it  tlurou^h  the  flame, 
spread  over  the  surface  by  the  aid  of  a  brush  a  thin  layer  of  semi-flmd  collodion. 
We  thus  envelope  it  with  a  membrane  which  becomes  very  thin  after  the  evapora- 
tion of  the  ether.     It  may  then  be  submerged  like  an  ordinary  cocoon. 

We  see  that  the  instrument  which  we  have  just  described  is  not 
one  of  absolute  jJrecision,  but  the  errors  which  will  be  committed  in 
using  it  are  inferior  to  the  differences  which  exist  between  many  co- 
coons of  the  same  kind,  of  which  the  volume  appears  to  be  the  same. 

It  is  to  be  regretted  that  this  volumeter  has  been  too  recently  added 
to  our  laboratory  to  enable  me  to  report  upon  any  extended  tests  of 
its  efficiency.  The  obtaining  of  the  volumes  of  cocoons  has  been  con- 
sidered as  the  least  important  of  our  many  determinations,  and  has 
thus  been  for  the  present  neglected.  Another  year  I  may  be  able 
to  report  more  at  length  upon  the  instrument  and  its  adaptability  to 
the  work  for  which  it  is  intended. 

**  Reel  for  testing  Cocoons. 

The  filature  valuS  of  a  lot  of  cocoons  may  be  indicated,  if  not 
accurately  determined,  by  the  unwinding  arid  testing  of  the  indi- 
vidual specimens.  For  tnis  object,  however,  it  is  necessary  to  have 
a  reel  of  special  construction.  Such  a  reel  was  first  designed  at 
Lyons  by  M.  Dususeau,  and  another,  somewhat  modified,  has  since 
been  constructed  at  Padua.  The  important  features  of  such  a  reel 
are,  first,  that  it  shall  accurately  measure  off  successive  skeins  of  100 
meters  each ;  second,  that  it  shall  be  capable  of  easy  propulsion, 
either  by  foot  or  steam  power ;  and  finally,  that  it  shall  be  provided 
with  a  certain  and  prompt  stop-motion  which  shall,  of  preference, 
arrest  the  rotation  or  the  reel  automatically  the  moment  the  filament 
l^reaks. 

The  accomplishment  of  these  desiderata  has  been  reached  in  the 
apparatus  mentioned.  An  ordinary  sewing-machine  frame,  with  its 
pedal  and  fly-wheel,  is  surmounted  by  a  wooden  top  covered  with 
copper  and  carrying  a  basin  with  a  steam  coil  for  heating  the  water 
which  it  contain^.  At  the  side  of  the  basin  opposed  to  the  operator 
is  a  reel  composed  of  tfe'n  bars,  the  periphery  of  which  measures  ex- 
actly 1  meter.  At  the  right  is  the  friction  driving  and  stop-motion 
hereinafter  described.  At  the  left  is  a  counter  carrying  four  needles, 
the  first  of  which  indicates  single  turns  of  the  reel,  tne  second  ten, 
the  third  one'hundred,  and  the  fourth  one  thousand devolutions.  To 
the  third  is  attached  a  pin  which  rings  the  small  bell  above  the  coun- 
ter just  before  the  completion  of  each  one  hundred  turns,  as  a  warn- 
ing {o  the  operator  to  slacken  the  speed  of  the  reel. 
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The  construction  of  the  mechanism  for  promptly  arresting  the 
motion  of  the  reel  is  accomplished  by  utilizing  some  of  the  features 
of  Mr.  Serrell'S  latest  reel  stop- motion.  The  axis  of  the  reel  is  shown 
at  I.  This  axis  carries  a  friction  wheel,  C,  which  rests  on  the  two 
friction  wheels  A  and  B,  in  the  manner  shown  in  the  Plate  VI,  fig.  3. 
A  and  B  are  put  in  motion  by  a  cord,  as  indicated  by  the  dotted  lines, 
driving  C  ana  the  reel  in  the  opposite  direction.  Slightly  above  the 
"wheel  C  is  a  break-shoe,  D  ;  below  the  axis  I  is  a  lever,  F,  which  is 
drawn  upward  in  the  direction  shown  by  the  arrow  by  the  spiral 
spring  E.  The  freedom  of  motion  of  the  lever  F  is,  however,  re- 
strained by  the  armature  G  of  the  magnet  H.  The  running  filament 
passes  through  the  eye  of  a  f  aller,  and  if  the  filament  breaks  an  elec- 
tric contact  attached  to  this  f  aller  closes  the  circuit  of  the  magnet, 
which  attracts  the  armature  and  releases  the  lever  F.  This  in  turn 
is  drawn  upward  by  the  spiral  spring  E  and  carries  with  it  the  fric- 
tion pulley  C,  raising  it  from  the  driving  pulleys  A  and  B,  and  by 
pressing  it  against  the  break-shoe  D,  stops  its  rotation  abruptly. 

Between  the  basin  and  the  reel  is  situated  a  moving  guide  which 
spreads  the  filament  out  on  the  reel  in  skeins  about  one-quarter  of 
an  inch  wide.  With  this  guide  is  combined  the  faller  mentioned 
above. 

Such  are,  in  the  main,  the  instruments  of  special  construction  used 
in  the  scientific  testing  of  silk  cocoons  as  conducted  by  us  in  our 
laboratory. 

In  all  this  work  we  have  followed  largely  in  the  footsteps  of  the  ex- 
perimenters at  Padua  and  Lyons,  branching  out  where  tnere  seemed 
a  chance  for  more  original  research. 

PURITY  OF  RACE  AMONG  SILK-WORMS. 

When  Pasteur,  nearly  twenty  years  ago,  undertook,  at  the  request 
of  the  French  Academv,  to  find  a  means  of  overcoming  "  the  malady" 
of  silk-worms  he  attacked  the  question  as  a  novice  who  was  not  inti- 
mately acquainted  with  the  work  which  he  should  perform.  One  of 
the  first  facts  which  attracted  his  attention  was  the  absence  of  ex- 
actness in  the  science  of  silk-raising,  or  we  might  almost  say  the 
absence  of  science  itself  in  the  sericultural  art.  "Science,"  says 
Webster,  "is  a  collection  of  the  general  principles  or  leading  truths 
relating  to  any  subject,  arranged  in  systematic  order."  The  facts 
were  there,  but  they  were  a  jumble  of  facts  from  which  no  system 
could  be  evolved.  The  most  learned  of  the  sericulturists  did  not 
agree  in  the  fundamental  principles  of  silk-raising,  and  in  fact  the 
more  learned  the  savants  the  wider  apart  their  theories  and  pre- 
cepts. I  speak  of  all  this  in  the  past  tense,  aiid  yet  how  much  better 
off  are  we  to-day?  Pasteur  has  succeeded  in  reducing  the  many  dis- 
eases— many,  more  because  of  differences  in  local  names  than  in 
symptoms — ^to  four  principal  ones :  The  purine,  flacherie,  grasserie, 
and  muscardine.     Balbiani  has  even  classified  the  corpuscles  of  the 

¥3brine  and  Bassi  the  fungus  of  the  muscardine,  but  to  what  end  ? 
he  Pasteur  system  of  selection  has,  to  be  sure,  essentially  blotted 
out  the  purine,  through  preventive  but  not  through  curaj^ive  pro- 
cesses, but  for  the  flacherie  we  have  no  means  either  of  prevention 
or  cure  and  it  is  to-day  our  greatest  enemy.  Still,  we  are  in  posses- 
sion of  many  neyrly  acquired  facts,  and  a  new  era  has  evidently 
opened  in  scientific  research  which  may  ultimately  lead  us  to  that 
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ide^U  scientilic  condition  where  if  trouble  arise  we  may  be  able  to 
deduce  the  cause  and  thus  find  the  remedy. 

But  it  is  also  true  that  the  many  researches  are  being  made  more 
from  an  industrial  stand-point  than  a  scientific  one. 

The  first  question  asked  when  a  newly  discovered  worm  appears  is 
not,  *'What  are  its  most  nearly  allied  genera  and  species?"  but, 
rather,  *'  What  is  the  value  of  tne  cocoon  ?  Will  it  reel  ?  Can  it  be 
carded  and  made  into  schappe?"  This  spirit  of  industrial  enterprise 
has  led  Mr.  Natalis  Rondot,  than  whom  no  one  is  better  suited  to  direct 
the  work,  to  obtain  and  have  sent  to  France  great  numbers  of  wild 
and  cultivated  silk-worms  from  all  parts  of  the  world. 

Among  the  more  recent  importations  of  M.  Rondot  are  thirty-two 
races  from  China  in  1887  and  thirty -three  in  1888,  from  the  same  coun- 
try. These  eggs  were  delivered  to  M.  Maillot,  director  of  the  Mont- 
pelier  (France)  Experiment  Station,  for  examination  and  study.  Of 
tbe  1887  races  four  were  very  corpuscular  and  six  slightly  so,  or  more 
than  30  per  cent,  showed  p^  brine.  In  the  1888  races  fourteen,  or  over 
45  per  cent. ,  showed  corpuscles.  This  should  set  at  rest  the  dispute 
as  to  whether  the  purine  exists  in  China.  As  to  its  effect  on  the  crop, 
that  is  another  question. 

Of  the  1887  races  but  two  remained  annual,  all  the  others  being 
either  in  part  or  wholly  bivoltin.  On  the  reproduction  of  these  two 
races  in  1888  one  of  them  became  bivoltin,  wtile  the  other  remained 
annual  and  showed  increased  strength  in  the  worms  and  increased 
size  in  the  cocoons. 

"  Purity  of  race,"' says  Maillot  in  his  report*  on  these  educations, 
"comprehends  identity  of  characteristics,  especially  in  the  color  of 
the  skin,  the  molts,  the  number  of  crops  per  annum,  the  color  of  the 
silk  ducts,  the  form  and  the  color  of  the  cocoons,  their  weight  and 
richness  in  silk,  and  finally  the  number  of  doubles." 

An  examination  of  the  details  of  his  experiments  fail  to  reveal  a 
single  race  which,  when  tried  in  this  severe  balance,  was  not  found 
wanting. 

The  principal  differences  in  these  Chinese  races  are  the  variations 
in  the  markings  of  the  larvae,  and  even  in  this  one  particular  there  is 
very  little  regularity  or  purity.  Thus  in  one  sample  we  find  bluish- 
white  worms  mixed  with  worms  having  black  stripes,  or  again  with 
worms  of  a  somber  hue.  Some  of  them  have  masks  (a  name  which 
M.  Maillot  applies  to  the  small  spot  above  the  head)  ana  some  of  them 
do  not.  These  variations  and  omers  run  through  all  the  races,  and 
sometimes  there  will  be  three  or  four  different  kinds  of  markings 
among  the  specimens  of  one  lot.  There  is,  in  addition,  a  lack  of  uni- 
formity in  the  color  and  shape  of  the  cocoons,  many  lots  giving  white 
and  green  cocoons  indiscriminately. 

The  state  of  silk  culture  in  China  may,  in  a  certain  measure,  be 
deduced  from  these  observations.  It  is  imi)ossible  to  estimate  the 
quantity  of  silk  produced  in  that  vast  empire,  but  it  is,  we  know, 
cultivated  in  small  lots  and  the  worms  are  cared  for  with  a  sort  of 
religious  veneration.  It  is,  perhaps,  to  these  facts  that  is  owing  the 
slowness  with  which  the  pebrine  has  spread  among  Chinese  silk- 
worms. We  have  heard  of  it  for  years,  out  still  it  does  not  seem  to 
attain  the  proportions  of  an  epidemic  as  it  did  in  Europe  thirty  years 
ago. 

*Compte-Rendu  des  Travaux  de  la  Cliambre  de  CJommerce  de  Lyon,  1887,  Lyons, 
1888,  .p.  217. 
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A  study  of  ten  races  received  from  Japan  shows  how  much  better 
are  the  sericultural  affairs  of  that  country.  Here  all  the  races  were 
annual,  having  four  molts;  the  eggs  were  received  in  perfect  condi- 
tion and  hatched  with  remarkable  uniformity.  They  had  neither  the 
purine  nor  the  flacherie,  and  the  cocoons,  which  were  white  in  six 
lots  and  green  in  four,  were  perfectly  homogeneous  in  the  different 
lots  both  in  color  and  form. 

The  Montpelier  Experiment  Station  has,  nevertheless,  succeeded  in 
rearing  eggs  from  this  heterogeneous  Chinese  mass  which  it  is  hoped 
will  lead  to  the  introduction  of  several  valuable  races.  By  a  series 
of  selections  the  races  will  be  purified  in  the  respects  which  have 
been  noted  above. 

It  must  not  be  presumed,  however,  that  the  French  and  Italian 
races,  even  those  of  the  best  houses,  are  entirely  free  from  faults  in 
this  respect.  On  the  other  hand,  every  silk-raiser  who  has  utilized 
the  eggs  furnished  by  this  Department  has  noticed  a  variation  in  the 
markings  of  the  worms,  more  particularly  by  the  admixture  of  striped 
and  darK  specimens.  It  is  therefore  not  the  intention  of  the  French 
experimenters  to  neglect  the  European  races  in  their  work  of  purifi- 
cation, but  they  are  taking  those  also  and  very  carefully  selecting 
them  so  that  tnere  may  be  absolute  uniformity  in  the  worms  and 
their  products. 

REPORTS  OF  AGENTS. 
BEPORT  OBT  VAEIOUS  METHODS  FOB  DESTBOYIBTG  S0ALE-IVSECT8. 

By  D.  W.  COQUILLBTT,  Special  Agent. 

LETTER  OF  SUBMITTAL. 

Los  Angeles,  Cal.,  November  18,  1888. 

dm :  I  herewith  submit  a  report  of  some  of  the  work  done  and  observations 
made  under  your  instructions  during  the  past  season. 

The  treatment  with  hydrocyanic  acid  gas  for  the  destruction  of  scale-insects, 
described  in  my  last  report  to  you,  is  now  coming  into  more  general  use,  both  by 
those  who  have  obtained  patents  on  their  fumigators  and  by  private  individuals 
who  use  fumigators  of  their  own  devising.  I  learn  that  some  of  those  who  were 
among  the  first  to  obtain  a  patent  on  fumigator  are  claiming  that  their  patent  also 
covers  the  process  of  fumigating  with  hydrocyanic  acid  gas :  but  this  claim  is  evi- 
dently erroneous,  since  tbe  Patent  Office  decided  a  few  years  ago,  before  any  of 
these  persons  had  obtained  a  patent,  that  the  Hatch  patent  referred  to  in  my  former 
report  covers  this  process,  and  as  the  patent  has  expired  the  process  becomes  public 
property,  and  can  not  again  be  patented.  There  is,  tlierefore,  nothing  to  prevent 
any  person  from  using  this  process,  so  long  as  he  does  not  infringe  on  some  of  the 
patents  in  constructing  a  fumigator  for  his  own  use. 

As  heretofore,  I  am  under  special  obligations  to  yourself  for  suggestions  and  hi- 
structions. 

Respectfully, 

D.   W.   COQUILLETT. 

Prof.  C.  V.  RiLKY, 

United  States  Entomologist. 


THE  GAS  TREATMENT  FOR  SCALE-INSECTS. 

This  treatment  is  now  coming  into  more  general  use,  and  is  giving  good  satisfac- 
tion. A  company  has  l)een  organized  for  the  purpose  of  manipulating  the  Culver 
fumigator  (described  in  my  report  to  Professor  Riley,  published  in  the  annual  re- 
port of  the  Department  for  the  yeai*  1887,  page  129).    Several  private  individilald 
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are  also  using  or  getting  ready  to  use  this  gas  treatment  on  theii*  citrus  trees  by  the 
use  of  f  umigators  of  their  own  devising. 

Since  the  publication  of  the  above-mentioned  report  three  papers  on  tliis  subject 
liave  been  published,  one  by  Mr.  F.  W.  Morse,  as  Bulletin  79  of  the  University  Ex- 
periment Station  of  California ;  another  in  the  Pacific  Rural  Press  for  Augiist  25, 
1888,  by  Mr.  W.  G.  Klee,  our  State  inspector  of  fruit  pests ;  and  a  third  in  Insect 
Life  for  August,  1888,  by  the  writer. 

Mr.  Morse's  paper  gives  the  results  of  various  experiments  made  by  himself,  in 
which  he  corroborates  the  statements  made  by  myself  in  the  reiport  referred  to 
above,  that  the  hydrocyanic  acid  gas  ma^  be  rendered  harmless  to  the  trees  confined 
in  it  either  by  using  the  potassiiun  cyamde  dry,  or  by  using  an  aqueous  solution  of 
it  and  passing  the  gas  tmough  sulphuric  acid  ;  he  agrees  with  me  that  the  method 
of  passmg  the  gas  through  sulphiiric  acid  is  the  best  one,  but  recommends  using 
pumice-stone  saturated  with  sulphuric  acid  instead  of  using  the  acid  alone. 

It  is  very  doubtful  that  this  would  be  any  improvement  over  my  method.  The 
acid  used  in  saturating  the  piunice-stone  could  never  be  used  again  for  generating 
the  gas,  so  that  there  would  be  the  additionsd  expense  for  this  acid.  Moreover,  the 
experience  of  Mr.  Klee,  given  in  his  paper  referred  to  above,  would  indicate  that 
this  method  is  quite  uncertain.    His  experience  is  given  in  the  following  words : 

**  Tlie  tests  were  made  during  all  kmds  of  weather,  from  60"  to  80**  F.  in  the 
shade,  and  during  calm  as  well  as  windy  weather,  and  when  the  drier  was  well 
charged  with  sulphuric  acid  no  harm  was  done  to  the  trees,  and  even  young  fruit, 
during  a  confinement  of  forty  minutes  at  the  noon  hour,  was  unaflFected.  On  the 
other  liand,  when  for  th^  lack  of  sulphuric  acid  the  drier  was  not  sufiiciently 
cliarged,  serious  harm  resulted  to  the  foHage,  and  the  leaves  fell  off  in  the  coui^se 
of  a  couple  of  days.  This  was  especially  the  case  when  the  operatien  was  done  dur- 
ing the  middle  of  the  day,  but  bad  effects  resulted  also  when  it  was  done  in  the 
evening  as  late  as  7  o'clock,  at  a  temperature  of  60°  F." 

There  is  nothing  to  indicate  when  the  drier  should  be  recharged  with  the  sul- 
phuric acid,  and  this  defect  is  wholly  obviated  by  the  use  of  this  acid  alone. 

The  persons  operating  the  Culver  fumigators  adopted  my  method  of  passing  tlie 
gas  through  sulphuric  acid,  and  several  weeks  a^o  they  treated  about  eiglity  oranjge 
trees  without  injuring  the  foliage,  notwithstandmg  the  fact  that  the  work  was  done 
during  very  hot  weather  and  at  all  hours  of  the  day.  So  long,  therefore,'as  such 
results  as  tnesecan  be  obtained  by  using  the  sulphuric  acid  alone,  it  would  be  un- 
wise to  go  to  the  additional  expense  necessary  in  using  the  pumice-stone  saturated 
with  the  acid. 

The  drying  vessel  of  the  generator  should  have  a  diameter  of  about  8  inches  and 
a  height  of  about  10  inches,  and  the  leaden  pipe  which  conveys  the  gas  from  the 
generator  should  reach  to  within  an  inch  of  the  bottom  of  this  vessel.  When  ready 
to  begin  operations  the  bottom  of  this  vessel  should  be  covered  to  a  depth  of  2  or  3 
inches  with  sulphuric  acid,  but  this  depth  must  be  regulated  by  the  pressure  of  the 
gas,  acid  being  added  until  the  gas  no  longer  passes  freely  through  it  but  is  forced 
back  through  the  acid  in  the  vessel  over  the  generator  ;  a  small  quantity  of  the  gas 
in  the  drying  vessel  should  then  be  withdrawn  until  the  gas  passes  easily  through 
the  acid  m  this  vessel. 

It  was  foimd  necessary  to  insert  a  safety-valve  either  in  the  top  of  the  generator 
proper  or  in  the  leaden  pipe  which  conveys  the  gas  to  the  drying  vessel.  This  valve 
18  so  constructed  that  pressure  from  within  closes  it,  while  pressure  from  without 
forces  it  open.  After  all  of  the  ^as  has  been  produced  from  a  given  quantity  of 
materials  the  generator  still  remains  full  of  the  gas,  and  as  this  becomes  dissolved 
or  absorbed  by  the  liquid  residue  in  the  generator  a  partial  vacuum  is  produced, 
and  this  has  the  effect  of  drawing  some  of  the  acid  out  of  the  drying  vessel  and 
emptying  it  into  the  generator.  The  use  of  the  safety-valve  referred  to  above  en- 
tirely obviates  this,  the  valve  opening  and  allowing  the  air  to  rush  in  whenever  a 
partial  vacuum  is  formed  in  the  generator. 

Mr.  O.  H.  Leefeld,  of  Orange,  has  constructed  and  is  using  an  apparatus  and  tents 
of  his  own  devising.  The  apparatus  consists  of  a  strong  frame- work  mounted  upon 
the  running-gears  of  a  common  lumber  wa^on ;  this  frame  projects  slightly  behind 
the  hind  wheels,  and  in  th6  middle  of  the  hmd  end  is  erected  a  tall  mast,  to  the  top 
of  which  is  fastened  a  cross-piece  strengthened  by  two  braces  attached  at  one  of 
their  ends  to  the  mast.  To  either  end  of  this  cross-piece  is  suspended  a  tent,  to  the 
bottom  of  which  is  attached  a'circle  of  gas-pipe ;  the  ropes  which  operate  the  tent 
are  fastened  to  its  peak,  and  also  to  the  circle  of  gas-pipe  at  the  bottom  of  the  tent, 
and  are  passed  through  pulleys  at  the  end  of  the  cross-piece  of  the  mast  and  throu-^h 
other  pulleys  attached  to  the  top  of  the  mast ;  and  from  these  the  ropes  pass  to  the 
ground.  In  drawing  the  tent  off  of  a  tree  the  ropes  fastened  to  the  circle  at  the 
bottom  of  it  are  first  drawn  downward,  drawing  tne  tent  upward  and  at  the  same 
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time  turning  it  inside  out ;  after  it  has  been  drawn  upward  until  the  circle  of  sam- 
pipe  is  above  the  top  of  the  tree,  the  rope  attached  to  the  peak  of  the  tent  is  men 
pulled  downward  until  the  tent  is  raised  above  and  entirely  off  of  the  tree,  i 

Mr.  Leefeld's  generator  and  blower  (for  generating  the  gas  and  distributing  it  in- 
side the  tent)  are  so  arranged  that  by  opening  or  closing  a  series  of  shut-offs  he  is 
able  to  operate  the  two  tents  with  only  one  set  of  apparatus.  Altogeliier,  it  is  a 
very  clever  arrangement,  and  gives  good  satisfaction. 

Mr.  Leefeld  purchased  his  cyanide  in  Philadelphia,  Pa.,  at  the  rate  of  39  cents  per 
pound  for  500  pounds,  and  the  freightage,  etc. ,  amounted  to  5  cents  per  pound,  mak- 
ing a  total  cost  of  44  cents  per  pound.  It  is  said  to  be  the  best  grade  of  cyanide  (t. 
6.,  next  to  the  C.  P.)  manufactured  by  Powers  &  Weightman,  and  came  in  10-pound 
tin  cans.  The  cyanide  is  in  pieces,  having  a  square  inch  or  less  of  suif  ace,  and  t^he 
pieces  are  about  an  inch  thicK.  It  dissolves  in  water  in  about  an  hour,  by  being 
frequently  stirred ;  the  solution  is  of  an  olive-gray  color,  and  the  color  is  not  changed 
after  standing  for  a  few  days.  The  proportions  are  5  pounds  of  the  cyanide  to  1 
gallon  of  water,  but  Mr.  Leefeld  writes  mo  that  he  has  succeeded  in  dissolving  this 
amount  of  the  cyanide  in  three-quarters  of  a  gallon  of  cold  water. 

More  water  than  is  absolutely  necessary  for  dissolving  the  cyanide  in  should  never 
be  used.  I  have  added  water  to  8olution8a)f  the  different  brands  of  cyanide,  until 
the  solutions  contained  cyanide  at  the  rate  of  5  pounds  to  one  gallon  and  4i  pints  of 
'water,  but  when  this  was  used  so  that  the  same  quantity  of  tjie  dissolved  cyanide 
"was  taken  as  when  it  had  been  used  at  the  rate  of  5  pounds  of  the  cyanide  in  1  gallon 
of  water  it  did  not  produce  as  good  results ;  this  was  doubtless  owing  to  the  fact 
that  much  of  the  gas  had  been  dissolved  and  retained  in  the  liquid  residue  in  the 
generator. 

The  persons  operating  the  Culver  fumigators  purchased  their  cyanide  of  a  whole- 
sale dealer  in  tins  city,  paying  for  it  65  cents  per  pound  for  25  pounds.  Thia  cya- 
nide also  came  in  10-pound  tin  cans,  and  was  in  large  circular  cakes  about  three- 
quarters  of  an  inch  tliick,  each  cake  bearing  the  stamp  of  "C.  P.  &  Co.,  New 
York."  Five  pounds  of  this  cyanide  dissolves  m  a  gallon  of  water  with  occasional 
stirring ;  the  solution  is  of  an  oUve-gray  color,  and  the  color  is  not  changed  after  the 
lapse  of  a  few  days.  Each  of  the  cans  containing  this  cyanide  is  lateled  '*  Cyan- 
uret  of  Potassium,"  this  being  the  old  name  for  cyanide. 

It  was  found  necessary  to  use  this  cyanide  solution  spmewhat  stronger  than  indi- 
cated in  the  table  given  in  my  report  above  referred  to.  Following  is  a  copy  of  the 
table  of  proportions  which  they  found  necessary  to  use  with  this  brand  of  cyanide : 
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The  relative  strength  of  this  brand  of  cyanide  as  compared  with  the  best  grade  of 
the  Powers  &  Weightman  cyanide  (such  as  may  be  purchased  in  this  city  at  re- 
tail, in  glass  jars,  at  about  80  cents  per  pound)  may  be  gleaned  from  the  fact  that 
9  fluid  ounces  of  the  latter  solution  are  equivalent  to  about  14  fluid  ounces  of  the 
former.  The  Powers  &  Weightman  cyanide  purchase  by  Mr.  Leefeld,  referred 
to  above,  was  found  to  be  not  so  strong  as  the  ^rade  the  same  firm  puts  up  in  glass 
jars  for  the  retail  trade. 

Beside  the  Powers  &  Weightman  and  the  C.  P.  &  Co.  cyanide  referred  to  above, 
I  have  tested  two  other  brands.  One  of  these  is  manufactured  by  MaljUnckrodt  & 
Co.,  of  Sidnt  Louis,  Mo.  ;  it  is  nearly  as  strong  but  not  quite  as  easily  dissolved  as 
the  Powers  &  Weightman  cyanide  in  glass  jars,  and  is  put  up  in  tin  cans  holding 
1  pound  each  ;  it  retails  in  this  city  at  the  same  price  as  the  Powers  &  Weightman 
in  glass  jars.  This  is  the  only  cyanide  I  have  used,  an  ac^ueous  solution  of  ^fi^ihjph 
changes  color  after  standing  a  short  time  ;  when  first  dissolved  the  solution  Is  of 
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the  usual  olive-gray  color,  but  after  standing  a  few  hours  it  assumes  a  reddish-brown 
color.  It  is  afio  the  only  cyanide  I  liave  used  which  exhales  a  strong  odor  of 
amn^onia  while  It  is  dissolving  in  cold  water. 

The  other  brand  of  cvanide  referred  to  is  manufactured  by  Hansen,  Vin  Winkle 
&  Co.,  of  Newark, N.  J.  ;  it  is  their  No.  3,  fused,  and  they  offer  to  furnish  at  the 
rate  of  32  cents  per  pound  net  for  100  pounds.  I  experienced  considerable  diffi- 
culty in  dissolving  this  cyanide  in  cold  water,  the  solution  being  occasionally  stirred. 
Each  pound  of  tlus  cyanide  when  dissolved  adds  only  6  fluid  ounces  to  the  solution, 
whereas  1  pound  of  each  of  the  other  brands  adds  8  fluid  ounces  to  the  solution. 
The  aqueous  solution  requires  just  twice  the  amount' of  sulphuric  acid  to  evolve  all 
of  tho  gas  from  it  as  is  required  by  the  other  brands.  I  made  two  tests  with  this 
cyanide  on  orange  trees  infested  with  tlie  Icerya,  using  it  in  one  of  the  tests  three 
times  as  strong  as  indicated  in  the  table  given  above,  but  it  produced  no  visible 
vifects  upon  the  Icerya.  This  brand  is  too  much  of  the  nature  of  the  **  Tniniy^g  " 
cyanide  to  be  successfully  used  for  the  production  of  Iwdrocyanic  acid  gaa. 

I  have  also  tested  a  brand  of  potassmm  cyanate  (KCNO)  manufactured  by  E. 
Merck,  of  Darmstadt,  Grermany,  and  labeled  "40  per  cent."  (presumably  of  pure 
KCNO) ;  it  was  put  up  in  glass  jars,  one  pound  in  each,  and  retails  in  this  city  at  the 
rate  of  65  cents  per  pound.  It  is  not  quite  so  soluble  in  cold  water  as  the  Powers  ^ 
Weightman  cyanide,  and  the  solution  requires  one-third  more  sulphuric  acid  to 
evolve  all  of  the  gas  from  it.  When  used  in  the  same  proportion  as  the  above  cyanide 
solution,  it  was  found  to  be  only  about  one-half  as  effective. 

When  some  of  the  aqueous  solution  of  either  of  the  abov^  brands  of  cyanide  or 
cyanate  gets  upon  th^  hand,  and  water  is  applied  for  the  purpose  of  washmg  it  off, 
it  produces  a  soapy  feeling  to  the  touch,  but  does  not  appear  to  injure  the  skin. 

At  the  request  of  several  fruit-growers  of  Orange  I  went  to  that  place  on  the  14th 
of  last  May  and  treated  one  lemon  and  five  orange  trees  with  hydrocyanic  acid  gas, 
passing  it  through  sulphuric  acid.  The  trees  were  each  about  10  feet  tall  by  8  feet  in 
diameter ;  they  were  badly  infested  with  the  red  scale  {AspidiotTis  aurantiu  Maskell), 
and  were  among  others  equally  infested.  The  best  ^ade  of  Powers  &  Weightman 
oyanide  in  glass  jars  was  used,  and  was  dissolved  m  cold  water  at  the  rate  of  5 

gounds  of  the  cyanide  to  each  gallon  of  water ;  9  fluid  ounces  of  this  solution  and  6 
uid  ounces  of  sulphuric  acid  were  used  for  each  tree.  The  trees  were  treated  between 
the  hours  of  11  o'clock  a.  m.  and  5  o'clock  p.  m. ,  while  the  sun  was  shining  brightly; 
five  of  them  were  confined  in  the  gas  for  half  ah  hour  and  one  of  the  orange  trees 
was  confined  only  twenty  minutes.  Owing  to  the  fact  that  the  drying  vessel  of  the 
generator  I  used  was  much  too  small  (having  a  diameter  of  only  3  inches  when  it 
should  have  been  at  least  8  inches)  the  trees  were  quite  severely  injured,  although 
all  of  them  subsequently  recovered. 

These  trees  fwere  examined  occasionally  by  the  owner  of  them,  Mr.  I.  L.  Collins, 
and  under  date  of  May  80  he  writcb  me  as  follows  : 

**  Dear  Sir  :  Since  writing  to  you  a  pretty  thorough  examination  of  the  trees 
was  made  by  Dr.  Wall,  of  Tustin,  and  Mr.  Alward  ;  they  failed  to  find  a  single  live 
scale.  J.  B.  Parker  and  myself  also  made  one  yesterday,  and  foimd  only  one  live 
red  scale,  and  that  was  on  an  orange  quite  near  to  the  ground.  *  *  *  All  of  the 
young  growth  on  the  lemon  and  oranges  was  killed  ;  a  very  small  percentage  of  the 
leaves  on  the  oranges,  but  fully  one-half  of  those  on  the  ^mon,  were  killed.  Very 
few  oranges  fell  off  from  that  cause,  as  more  than  50  per  cent,  of  the  little  oranges 
fall  off  every  year.     The  damage  to  the  trees  is  nothing  if  the  bugs  can  be  killed.'' 

Dr.  W.  B.  Wall,  of  Tustin,  who  is  a  very  close  observer,  and  well  able  to  judge 
between  a  living  and  a  dead  red  scale,  writes  me  as  follows,  under  date  of  August 
10: 

**  Dear  Sir  :  I  visited  the  trees  at  Collins'  twice  after  you  were  there,  at  intervals 
of  ten  or  fifteen  days,  but  did  not  find  a  living  scale  at  either  visit." 

Again,  under  date  of  August  15,  he  writes : 

**  Dear  Sir  :  I  examined  the  trees  at  Collins'  yesterday ;  the  work  is  highly  satis- 
factory, the  trees  treated  are  of  a  healthy,  deep-green  color,  while  all  the  others  look 
sickly,  are  yellow,  and  shedding  their  leaves.  There  are  a  few  living  red  scales 
on  the  fiunigated  trees,  but  these  have  evidently  been  brought  on  them  since  they 
were  treated  ;  the  most  of  them  are  small — say  a  quarter  grown — one  or  two  on  a 
leaf  here  and  there." 

In  conversation  with  these  gentlemen  they  informed  me  that  the  gas  had  been 
just  as  effectual  on  the  trees  confined  in  it  only  twenty  minutes  as  it  was  on  those 
QOttfined  in  it  for  half  an  hour. 
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ARSENIURETTED  HYDROQEN  GAS  A8  AN  INSEOTICIDB. 

During  the  past  season  I  have  paid  especial  attention  to  the  preparation  and  nso  of 
arseniuretted  hydrogen  gas  (AsHs)  in  destroying  scale-insocts  infesting  trees  and 
plants,  by  the  use  of  a  tent,  as  in  the  treatment  with  hydrocyanic  acid  gas  pre- 
viously described;  but  the  results  have  not  been  as  good  as  I  ha&  reason  to  expect. 

This  gas  is  not  so  injurious  to  the  foliage  of  trees  confined  in  it  as  is  the  undried 
hydxoovanio  acid  gas.  and  its  effects  upon  the  insects  are  not  so  early  manifested  as 
"when  tne  latter  gas  is  used.  Thus,  when  a  tree  is  treated  with  a  sufficient  quantity 
of  the  arseniuretted  hydrogen  to  prove  fatal  to  all  of  the  loeryae  infesting  it,  many 
of  the  latter  will  be  as  lively  as  ever  the  moment  the  tent  is  removed  from  the  tree, 
and  some  of  them  will  still  be  alive  twenty -four  hours  later,  but  will  perish  during 
ttxe  next  twenty-four  hours. 

The  gas  was  generated  by  acting  uix>n  zinc  with  commercial  sulphuric  acid  in  the 
presence  of  an  aqueous  solution  of  white  arsenic  (As^Oo). 

The  undiluted  sulphmio  acid  produces  no  effect  upon  pieces  of  ordinary  sheet 
2dnc,  even  after  the  laj^se  of  eighteen  hours ;  when,  however,  some  of  the  arsenic 
solution  is  added,  brisk  action  begins  after  the  lapse  of  a  few  seconds.  The  gas  is 
generated  the  most  rapidly  when  5  fluid  ounces  of  the  solution  is  used  to  each  fluid 
ounce  of  sulphuric  acid  ;  this  is  sufficient  for  1  ounce  by  weight  of  zinc  clippings. 
With  the  same  projwrtions  of  sulphuric  acid  and  zinc  clippings,  if  more  of  tne  so- 
lution than  above  indicated  is  used,  the  process  will  be  delayed  ;  while  if  less  is  used 
than  indicated  above,  all  of  the  zinc  will  not  be  acted  upon.  A  large  proportion  of 
the  acid  does  not  in  any  way  ac^celerate  the  process  of  evolving  the  gas ;  while  if 
less  acid  than  I  have  indicated  is  used  all  of  the  zinc  will  not  l^e  acted  upon.  In 
Bay  experiments,  whenever  I  did  not  use  a  sufficient  quantity  of  the  arsenic  solu- 
tion in  proportion  to  the  zinc  and  acid  the  deficiency  was  made  up  of  pure  cold 
water. 

I  first  used  the  sheet  zinc  cut  into  pieces  about  three-auarters  of  an  inch  wide  by  2 
inches  long  ;  these  will  dissolve  in  sulphuric  acid  and  tne  arsenic  solution  in  fifteen 
minutes,  and  the  process  is  not  hastened  any  when  smaller  pieces  of  the  zinc  are 
used. 

The  action  of  the  acid  and  the  arsenic  solution  is  most  rapid  when  the  acid  is  first 
added  to  the  zinc,  and  the  arsenic  solution  added  afterwards  ;  when  this  process  is 
reversed,  and  the  arsenic  solution  is  first  added  to  the  zinc  and  the  acid  adaed  after- 
ward, the  action  of  these  materials  will  be  retarded  one-third  the  length  of  time 
previously  required. 

I  had  some  sheet  zinc  melted  and  poured  into  a  vessel  of  cold  water,  for  the  pur- 
pose of  obtaining  granulated  zinc  in  small  pellets  or  globules  ;  but  the  operator  did 
not  pour  the  molten  zinc  from  a  sufficient  height,  and  consequently  only  obtained 
irregular  pieces  of  sheet  zinc  scarcely  thicker  than  writing-paper.  When  these 
pieces  were  used  in  the  same  proportion  as  the  zinc  clippings  mentioned  above^  just 
twice  the  length  of  time  was  required  for  the  acid  and  arsenic  solution  to  dissolve 
them  as  was  required  by  the  clippings. 

My  next  attempt  at  obtaining  granulated  zinc  was  more  successful,  the  molten 
metal  being  poured  into  the  water  from  a  height  of  14  feet ;  this  produced  small 
pellets  and  pieces  of  zinc  of  various  sizes  and  shapes.  When  these  were  used  in  the 
same  proportions  as  the  zinc  clippings  referred  to  aboviB,  the  same  length  of  time 
was  required  for  the  acid  and  arsenic  solution  to  dissolve  them  as  when  the  clippings 
were  used.  Nothing  is  gained,  therefore,  by  granulating  the  zinc,  except  that  it  is 
more  convenient  to  use  in  this  form  than  are  the  clippings. 

The  aqueous  solutions  of  arsenic  were  prepared  by  simply  boiling  the  white  arsenic 
in  water  for  about  half  an  hour.  When  the  solution  contained  an  ounce  by  weight 
of  arsenic  to  18  or  more  fluid  ounces  of  water,  nearly  all  of  it  remained  in  suspension 
lor  several  days  :  but  if  less  water  than  this  was  used,  more  or  less  of  the  arsenic 
would  settle  to  the  bottom  of  the  vessel  when  the  solution  became  cold.  When  a 
quantity  of  the  hot  solution  was  poured  into  a  cold  vessel  some  of  the  arsenic  would 
be  deposited,  forming  a  coating  over  the  inside  of  the  vessel ;  and  this  also  occurs, 
but  to  a  less  degree,  when  the  cold  solution  is  poured  into  any  vessel  of  the  ordinary 
temperature  of  the  air. 

Since  the  arseniuretted  hydrogen  is  formed  only  ^vhen  the  arsenic  in  solution  is 
in  immediate  contact  with  the  hydrogen  producea  by  the  zinc  and  sulphuric  acid, 
at  the  moment  that  the  hydrogen  is  generated,  it  follows  that  in  preparing  the  former 
gas  no  exact  proportion  of  the  materials  used  can  be  followed  by  reason  of  the  fact 
mat  all  of  the  arsenic  in  the  bottom  of  the  solution,  next  to  the  zinc>and  acid,  may 
become  exhausted,  while  that  in  the  upper  portion  of- the  solution  will  not  have  been 
acted  upon,  not  having  been  in  contact  with  the  hydrogen  when  the  latter  was  first 
gsnerated;  more  or  less  of  the  free  hydrogen  ^vill  thus  escape  as  8uch,.>*'hile  spnie 
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of  the  arsenic  will  still  remain  unchanged  in  the  generator  after  all  chemical  action 
has  ceased. 

My  first  experiments  with  this  gas  were  made  upon  Icerya-inf ested  orange  trees 
which  were  suffering  for  the  want  of  water,  as  well  as  from  the  attacks  of  these  in- 
sects ;  but  these  trees  still  possessed  no  small  degree  of  vigor,  very  few  of  the  leaves, 
and  none  of  the  fruit,  having  fallen  from  them.  The  Iceryse  ii^esting  these  trees, 
although  alive  and  many  of  them  were  ci*awling  about,  still  did  not  possess  that 
plump,  vigorous  appearance  so  characteristic  of  those  infesting  healthy,  well-kept 
trees. 

Subsequent  experiments  made  upon  perfectly  healthy  trees  and  insects  showed 
that  when  the  gas  was  used  strong  enough  to  have  proved  fatal  to  all  of  the  Iceacysd 
on  the  neglected  trees  it  did  not  loll  one-half  of  those  on  the  vigorous  trees.  lUnB 
clearly  disproves  the  theory  that  has  been  advanced  by  a  few  casual  observers,  that 
the  scale-insects  thrive  best  upon  sickly  trees  ;  if  this  was  really  the  case  the  Iceryss 
infesting  these  neglected  trees  would  have  been  more  vigorous  than  the  others,  and 
would  have  required  a  stronger  dose  of  the  gas  before  it  would  have  proved  fatal  to 
them,  but  as  stated  above  this  was  not  all  the  case. 

This  brings  us  to  the  interesting  question  as  to  whetlier  it  would  not  be  advisable 
to  withhold  water  from  the  infested  orange  and  lemon  trees  for  several  months  at 
the  proper  season  of  the  year,  and  then  apply  the  insecticide,  following  it  with  a 
thorough  irrigation.  In  this  way  the  vitaUty  of  the  scale-insects  would  be  so  much 
reduced  that  the  effects  of  tlie  insecticide  would  be  more  fatal  to  them  than  if  the 
trees  had  been  irrigated  as  usual ;  whereas  if  not  carried  too  far  no  permanent  in- 

3*ury  to  the  trees  will  be  Hkely  to  follow.  The  trees  which  I  experunented  on  in 
Tuly  had  not  received  any  water  directly  since  the  rains  of  the  preceding  winter, 
but  as  there  was  a  well-irngated  orange  grove  adjoin^  them  they  evidently  received 
some  water  from  this  source.  Several  of  the  trees  m  the  same  plat  as  those  I  ex- 
perimented on,  but  situated  4  or  5  rods  farther  from  the  irrigated  grove,  were  irri- 
gated in  the  month  of  September,  two  months  after  my  experiments  were  made, 
and  these  shortly  afterward  started  into  a  vigorous  growtli. 

This,  however,  is  the  phase  of  the  question  which  I  must  leave  to  tlie  fruit-growers 
for  them  to  decide.  It  is,  of  course,  only  applicable  to  trees  growing  in  districts 
where  irrigation  is  practiced. 

The  gas-generator  I  used  in  my  experiments  consists  of  a  leaden  vessel  in  the 
form  of  a  cy Under,  hAving  a  diameter  of  8  inches  and  a  height  of  20  inches;  the  upper 
end  narrows  to  a  diameter  of  2  inch€is,  and  is  furnished  with  a  screw  coupling  at- 
tached to  a  piece  of  rubber  hose  leading  to  the  tin  pipe,  by  which  the  acia  ana  gas 
are  drawn  out  of  the  upper  part  of  the  tent  by  means  of  a  Cummings  blower.  The 
materials  for  generating  the  gas  were  put  into  the  generator  one  after  the  other, 
and  the  coupling  then  screwed  on;  the  gas  as  generated  i)assed  out  of  the  top  of  the 
generator  and  through  the  rubber  hose  into  tne  pipe  leading  from  the  tent  to  the 
blower,  and  by  turning  the  latter  the  gas  and  air  are  drawn  through  it,  and  by  a 
second  tin  pipe  are  forced  into  the  lower  part  of  the  tent.  This  second  tin  pipe 
simply  enters  the  tent  below,  while  the  one  oy  which  the  air  and  gas  are  drawn  out 
of  tne  tent  is  furnished  with  an  elbow  reaching  nearly  to  the  top  of  the  tree  inclosed 
by  the  tent;  thus  by  simply  turning  the  blower  the  air  and  gas  are  drawn  out  of  the 
upper  part  of  the  tent  and  again  forced  into  it  below,  by  which  means  the  gas  is 
thoroughly  circulated  inside  of  the  tent. 

In  aU  of  my  experiments  with  this  gas  the  residue  remaining  in  the  generator 
after  cdl  action  of  the  materials  had  ceased  was  of  a  deep-black  color,  and  much 
heat  was  produced  during  the  generating  of  the  gas. 

The  following  is  an  account  of  the  more  important  of  these  experiments;  those 
numbered  140  to  148,  inclusive,  were  on  neglected  trees: 

(140)  Boiled  for  h^  an  hour  24  ounces  by  weight  of  white  arsenic  (AsaOj)  in  240 
fluid  ounces  of  water;  the  solution  measured  204  fluid  ounces.  About  6  ounces  by 
weight  of  the  arsenic  remained  as  an  incmstation  over  the  bottom  of  the  vessel  in 
which  it  was  dissolved,  and  three  days  later  an  equal  quantity  of  the  arsenic  had 
settled  to  the  bottom  of  the  vessel  containing  the  solution. 

Eight  fluid  ounces  of  commercial  sulphuric  acid  (HaSO*)  were  added  to  8  ounces 
by  weight  of  sheet  zinc  cut.into  small  pieces,  and  to  these  were  added  40  fluid  ounces 
of  the  above  arsenic  solution.*  Tlie  gas  was  passed  through  a  Cummings  blower,  as 
described  above,  the  blower  being  turned  for  five  minutes  after  the  generating  of 
the  gas  began.  Tent  inclosed  about  57  cubic  feet  of  space.  Test  made  July  2,  from 
9  to  9.30  a.  m. ;  sun  shining.  Examined  tree  July  19;  found  only  two  living  Iceryae; 
leaves  uninjurad. 

(142)  Ten  fluid  ounces  of  sulphuric  acid  were  added  to  10  ounces  by  weight  of  the 
zinc  clippings,  and  to  these  were  added  50  fluid  ounces  of  arsenic  solution  140.  Blower 
turned  te];v^zninutes.    Tent  inclosed  about  22  cubic  feet.    Test  made  July  8,  from 
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10.80  to  11  a.  m. ;  sun  shining.  Examined  tree  July  19  ;  found  no  living  IcerysB ; 
three-fifths  of  the  leaves  and  a  few  tender  twigs  at  the  very 'top  of  the  tree  were 
killed. 

(144)  Thirty  fluid  ounces  of  the  arsenic  solution  140  were  added  to  6  ounces  of 
zinc  clippings,  and  to  these  were  added  6  fluid  ounces  of  sulphuric  acid.  Blower 
turned  nve  minutes.  Tent  inclosed  about  57  cubic  feet.  Test  made  July  6,  from 
10  to  10.30  a.  m. ;  sun  shining.  Examined  July  24 ;  found  only  one  Icerya ;  leaves 
uninjured. 

(145)  Twenty-one  ounces  of  the  arsenic  solution  140  were  added  to  7  ounces  of 
zinc  clippings,  and  to  these  were  added  8  oimces  of  sulphuric  acid.  Blower  turned 
five  minutes.  Tent  inclosed  about  88  cubic  feet.  Test  made  July  9,  from  10  to  10.80 
a.  m.  ;  sun  shining.    Examined  July  24 ;  f oimd  no  living  Iceryae  ;  leaves  uninjured. 

(146)  Seven  ounces  of  sulphuric  acid  were  added  to  6  ounces  of  granulated  zinc 
(prepared  as  described  above),  and  to  these  were  added  15  ounces  of  the  arsenic 
solution  140  diluted  with  the  same  quantity  of  cold  water.  Blower  turned  five 
minutes.  Tent  inclosed  about  123  cubic  feet.  Test  made  July  13,  from  3.15  to  2.45 
p.  m. ;  sun  shining.  Examined  July  24;  found  about  two  dozen  living  Iceryae;  leaves 
uninjured. 

(147)  Boiled  for  forty  minutes  8  ounces  of  white  arsenic  in  184  fluid  ounces  of 
inrater  ;  the  solution  measured  128  fluid  ounces.  After  the  lapse  of  several  days  only 
a  small  quantity  of  the  arsenic  had  settled  to  the  bottom  of  tbe  vessel  containing  the 
solution. 

Seven  ounces  of  sulphuric  acid  were  added  to  6  ounces  of  the  gi-anulated  zinc,  and 
to  these  were  added  21  ounces  of  the  above  arsenic  solution  and  14  ounces  of  water. 
Blower  turned  five  minutes.  Tent  inclosed  about  88  cubic  feet.  Test  made  July  20, 
from  9.30  to  10  a.  m.;  cloudy.  Examined  August  6,  and  found  only  two  hving 
IcerysB,  at  the  very  top  of  the  tree  ;  leaves  uninjured. 

(148)  Nine  ounces  or  sulphuric  acid  were  added  to  8* ounces  of  granulated  zinc, 
and  to  these  were  added  18  ounces  of  the  arsenic  solution  147  and  27  ounces  of  water. 
Blower  turned  five  minutes.  Tent  inclosed  about  137  cubic  feet.  Test  made  July 
20,  from  10.25  to  10.55  a.  m. ;  cloudy.  Examined  August  6,  and  found  only  three 
living  Iceryse ;  leaves  uninjured. 

(153)  Three  ounces  of  sulphuric  acid  were  added  to  2^  ounces  of  granulated  zinc, 
and  to  tiiese  were  added  6  ounces  of  the  arsenic  solution  147  and  9  ounces  of  water. 
Blower  turned  five  minutes.  Tent  inclosed  about  42  cubic  feet  of  space  on  a  rose- 
bush. Test  made  August  14,  from  10.15  to  11  a.  m. ;  sun  shining.  Examined  Sep- 
tember 4 ;  about  three-fourths  of  the  IcerysB  were  still  living ;  one-half  of  the  leaves 
on  the  rose-bush  were  killed. 

(153)  Four  ounces  of  sulphiudc  acid  were  added  to  3  ounces  of  tlie  granulated  zinc, 
and  to  these  were  added  6  ounces  of  the  arsenic  solution  147  and  14  ounces  of  cold 
water.  Blower  turned  five  minutes.  Tent  inclosed  about  32  cubic  feet  on  an  orange 
tree.  Test  made  August  14,  from  3.15  to  4  p.  m. ;  sun  shining.  Examined  Sep- 
tember 3 ;  about  three-fourths  of  the  Iceryse  were  still  hving ;  leaves  uninjured. 

In  this  and  all  of  the  following  experiments  the  trees  were  healthy  and  vigorous, 
and  the  IcerysB  infesting  them  were  corresi)ondingly  so. 

(154)  Five  ounces  of  sulphmic  acid  were  added  to  4  ounces  of  the  granulated  zinc, 
and  to  these  were  added  8  ounces  of  the  arsenic  solution  147  and  17  ounces  of  cold 
water.  Blower  turned  five  minutes.  Tent  inclosed  about  69  cubic  feet.  Test  made 
August  14,  from  4.30  to  5.15  p.  m.;  sun  shining.  Examined  September  3;  about 
four-fifths  of  the  Iceryas  were  still  living;  leaves  uninjured. 

(155)  Boiled  for  forty  minutes  10  ounces  of  white  arsenic  in  208  fluid  ounces  of 
water;  the  solution  measured  128  fluid  ounces.  Six  days  later  but  httle  of  the 
arsenic  had  settled  to  the  bottom  of  the  vessel  containing  the  solution. 

Ten  ounces  of  sulphuric  acid  were  added  to  9  ounces  of  the  granulated  zinc,  and 
to  these  were  added  30  ounces  of  the  above  arsenic  solution  and  20  ounces  of  water. 

lower  turned  five  minutes.  Tent  inclosed  about  170  cubic  feet.  Test  made  August 
15,  from  4.30  to  5. 15  p.  m. ;  ^un  shining.  Examined  September  3;  about  three-fourths 
of  the  Iceryae  were  still  living;  leaves  uninjured. 

(170)  Boiled  for  half  an  hour  5  ounces  of  white  arsenic  in  220  fiuid  ounces  of 
wat^r ;  the  solution  measured  176  fluid  ounces. 

Nine  ounces  of  sulphuric  acid  were  added  to  8  ounces  of  zinc  clippings,  and  to 
these  were  added  30  ounces  of  the  above  arsenic  solution  and  15  ounces  of  water. 
Blower  turned  nearly  continuously  durini^  the  time  of  making  the  test.  Tent  in- 
closed about  32  cubic  feet.  Test  made  October  13,  from  3.30  to  4  p.  m. :  sun  shin- 
ing. Examined  November  8 ;  about  three-fourtlis  of  the  Icerya3  were  still  Hving ; 
leaves  luiinjured. 

(171)  Fifteen  ounces  of  sulphm^c  acid  were  added  to  14  ounces  of  zinc  clippings, 
and  to  those  were  added  48  ounces  of  the  arsenic  solution  155,  8  ounces  of  arsenic 
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solution  r<0,  and  20  ounces  of  water.  Blower  turned  almost  continuously  during 
the  time  of  making  the  test.  Tent  inclosed  about  69  cubic  feet.  Test  made  October 
12,  from  4.30  to  5  p.  m.;  sun  shining.  Examined  November  8  ;  about  one-fourth  of 
the  IceryaB  were  still  living ;  leaves  uninjured. 

As  several  pei-sons  liave  sent  me  very  erroneous  calculations  concerning  the 
number  of  cubic  feet  of  space  inclosed  by  the  tent  covering  a  tree  of  a  given  dia- 
meter and  height,  it  may  not  be  out  of  place  here  to  give  briefly  my  method  of 
making  at  least  an  approximate  calculation  of  the  cubical  contents  of  the  tent. 
The  latter;  when  on  a  tree,  is  in  the  form  of  a  cylinder,  with  the  exception  that 
one  of  the  ends  is  dome-shaped,  instead  of  bein^  squarely  truncated  ;  to  allow  for 
this  we  simply  subtract  a  few  feet  from  the  heigM  of  the  tent,  and  multiply  the 
remainder  by  the  area  of  its  base ;  the  latter  is  found  by  multiplving  the  square  of 
its  diameter  by  the  decimal  fraction  .7854,  Thus,  to  find  the  cuoical  contents  of  a 
tent  inclosing  a  tree  10  feet  liigh  by  6  feet  in  diameter,  we  first  multiply  the  square 
of  6  by  .7854,  which  gives  about  38.27  square  feet ;  subtracting  1^  feet  from  the  height 
of  the  tent,  to  allow  for  the  dome,  we  next  multiply  the  remainder  by  28.27,  which 
gives  us  a  fraction  over  240  cubic  feet  as  the  solid  contents  of  the  tent. 

THE  RESIN  COMPOUND  FOR  SCALE-INSECTS. 

This  compound  is  now  being  quite  extensively  used  in  this  part  of  the  State  for 
the  destruction  of  scale-insects  of  every  description  and  is  givmg  good  results.  It 
was  first  used  by  Mr.  Albert  Koebele,  one  of  the  entomological  agents  of  this  De- 
partment, and  he  has  given  an  account  of  it  in  his  report  to  Professor  Riley,  pub- 
lished in  tlie  annual  report  of  this  Department  for  the  year  1886,  page  569,  experi- 
ment 157.  The  proportions  of  materials  given  in  this  experiment,  however,  are  not 
quite  correct.  The  following  proportions,  based  upon  many  experiments  which  I 
have  made  with  this  compound,  and  also  upon  the  experience  of  others  who  have 
used  it,  will  give  much  better  results : 

Caustic  soda,  1  pound. 

Resin,  8  pounds. 

Water  to  make  82  gallons. 

The  caustic  soda  is  first  dissolved  by  boiling  in  about  a  gallon  of  water ;  when 
dissolved,  one-half  of  the  solution  is  taken  out  and  the  resin  added  to  the  remainder 
and  boiled  until  dissolved,  after  wliich  the  balance  of  the  soda  solution  is  added  very 
slowly.  The  mixture  is  then  boiled  over  a  hot  fire,  being  stirred  almost  constantly, 
and  when  cooked  sufficiently  it  will  assimilate  with  cold  water  like  milk,  which  it 
much  resembles.  A  sufficient  quantity  of  water  should  then  be  added,  the  mixture 
being  thoroughly  stirred  during  the  adding  of  the  water  ;  it  should  then  be  strained 
through  a  fine  sieve,  or  througii  a  piece  of  thin  and  rather  open  cloth,  otherwise 
there  will  be  some  difficulty  in  forcing  it  through  a  spraying  nozzle. 

The  main  points  to  be  observed  in  the  preparation  of  this  compound  are  to  have 
a  hot  fire  and  to  stir  the.  mixture  about  constantly  during  the  cooking,  to  prevent 
burning. 

The  success  attending  the  use  of  this  compound  depends  largely  upon  the  fineness 
of  the  Bwr&y  and  the  thoroughness  of  applying  it.  I  have  seen  orange  trees  that  had 
been  only  lightly  sprayed  with  it  and  not  more  than  half  of  the  Iceryas  were  killed, 
while  on  other  orange  trees  that  had  been  thoroughly  drenched  with  the  same  solu- 
tion nearly  all  of  these  insects  were  killed.  Many  of  the  partial  failures  resulting 
from  the  use  of  this  and  some  of  the  other  washes  may  be  traced  to  the  fact  that 
they  have  been  used  too  spaiingly.  It  is  not  enough  to  simply  wet  every  part  of  the 
tree;  it  should  be  thorotvgfUy  drenched^  or  satisfactory  results  will  not  be  obtained. 

One  of  my  correspondents,  Mr.  Henry  H.  Wheeler,  of  Pomona,  has  used  this  com- 
pound in  the  projwrtion  of  1  pound  of  caustic  soda,  10  pounds  of  resin,  and  water  to 
make  40  gallons,  and  under  aate  of  September  28  he  writes  me  as  follows  concern- 
ing it: 

**  Dear  Sir:  Having  used  the  resin  compound  for  spraying  orange  and  lemon 
trees  affected  witli  '  black  scale,'  I  will  send  results  as  far  as  1  can  perceive  them. 
In  my  orchard  of  about  four  himdred  orange  and  eighty-four  lemon  trees  there  were 
three  badly  injured  in  looks  and  vitality,  being  completely  covered  by  the  black 
scale.  Of  the  remainder,  perhaps  half  a  dozen  needed  spraving,  all  the  rest  being 
remarkably  clean,  healthy,  and  vigorous.  Nevertheless,  to  oe  on  the  safe  side,  all 
have  been  sprayed.  The  trees  are  four  years  old  from  the  bud,  about  5  feet  in 
diameter  througii  the  tops,  and  5  or  6  feet  high. 

*'  Five  barrelfuls,  or  about  200  gallons,  were  used,  costing  about  a  cent  a  gallon, 
or  less  than  half  a  cent  for  each  tree — $2  for  the  whole  orcliard.    If  a  satisfactorily 
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workinfl^  putnp  had  been  used,  about  three  days  would  have  suffioed  for  the  prepar- 
ing and  applying  of  the  wash,  provided  there  should  be  no  delay  in  cooking  the 
csoiiipound,  as  there  was  in  my  case.  One  man  can  do  the  spraying,  but  it  will  take 
nearly  twice  as  long  as  if  two  did  the  work. 

•*  On  the  tliree  b^ly  affected  trees  a  large  portion  of  the  bugs  are  dead,  but  not 
all,  the  young  ones  seeming  to  be  the  liaraest  to  kill.  One  of  these  trees  I  sprayed 
a  secrona  time  al)out  two  days  after  the  first  appUcation,  and  a  third  time  about  a 
week  after,  and  all  of  the  bugs  are  not  deaa  yet,  nor  the  tree  clean  looking. 
Perhaps  the  results  would  have  been  better  if  more  time  had  elapsed  between  the 
applications,  fOr  I  notice  that  now,  two  weeks  later,  more  scales  are  destroyed  tlum 
Ithought  would  be  when  I  looked  at  the  trees  a  day  or  two  after  the  first  and  sec- 
ond sprayings.  So  I  can  not  sav  from  this  experience  that  one,  two,  or  even  three 
applications  will  thoroujiiflily  rid  a  tree  of  black  scales. 

**  Some  think  the  frmt  may  be  injured  by  the  caustic  soda,  but  as  I  accidentally 
sprayed  my  eye,  with  only  a  momentary  smarting,  1  do  not  beUeve  any  foliage  or 
fruit  can  be  hurt. 

''*  This  is  my  exi)erience  in  cooking  th^  compound  :  As  I  had  no  large  vessel  only 
enough  at  ouq  time  for  a  barrel  full  was  prepared.  The  first  time  I  kept  it  boiling 
half  a  day,  expecting  according  to  directions  that  when  it  had  boiled  sufficiently 
it  would  mix  with  water  :  but  it  never  would.  At  last  I  added  a  little  more  of  the 
soda  solution,  and  it  came  out  all  right.  Tlie  second  time  I  had  to  add  more  soda. 
The  third  time,  bv  using  about  a  pound  and  a  half  of  soda  to  ten  of  resin,  it  came 
without  anv  trouble.  The  fourth  mess  woul  1  not  assimilate,  so  1  added  more  soda 
solution ;  that  made  it  dark  and  thick,  like  soft  soap,  so  I  thought  more  resii^ 
needed.  Still  it  would  not  mix,  so  more  soda  was  added,  then  more  resin,  and  after 
adding  soda  once  more  I  gave  it  up.  Can  you  tell  me  what  the  trouble  was?  Af 
no  stage  of  the  cooking  would  it  mix  with  water.  The  fifth  time  1  had  to  add  more 
soda,  and  while  it  mixed  with  water  it  was  darker,  more  like  molasses.  Still  it  wa§ 
used  and  worked  well. 

*'  Although  when  prepared  rightly  it  assimilated  perfectly  with  water,  m^lring  |^ 
milky  substance  free  from  sediment,  still  after  empfyiug  the  barrel  each  time  there 
was  a  caked  sediment  of  a  waxy  texture  which  stuck  onto  the  filters  of  the  suction 
pipe,  and  getting  into  the  tube,  clogged  the  nozzle,  causing  a  deal  of  delay.*' 

One  of  the  troubles  experienced  by  Mr.  Wheeler  in  making  this  compound  re» 
Bult(Hl  from  tlie  fact  that  as  crude  caustic  soda  is  not  always  of  ft  uniform  strength, 
1  ix)und  of  it  will  not  always  saponify  10 pounds  of  resin;  for  this  reason  I  hare 
recommended  using  only  8  pounds  of  resin  to  1  of  caustic  soda,  and  several  trials 
that  I  liave  made  with  tho  compound  by  using  these  proportions  have  in  every  in- 
stance resulted  in  prmlucing  the  compound  within  an  hour  after  the  time  that  all 
of  the  materials  were  dissolved.  If  not  enough  caustic  soda  has  been  used,  the  com- 
pound while  l)eing  cooked  will  produce  large  bubbles  ;  whereas  if  a  suifTlCiefit 
quantity  has  l>een  used  it  produces  very  small  bubbles  which  rise  up  in  the  vessel  in 
a  foam-like  mass. 

The  trouble  of  the  nozzle  becoming  clogged  by  the  solution  would  doubtless  have 
been  obviated  if  the  solution  had  been  pre viously  strained.  I  experienced  the  same 
diiflculty  with  a  Croftoii  nozzle  I  used,  but  after  straining  the  solution  through  a 
piece  of' thin  tarlatan  cloth  I  had  no  more  difficulty  with  the  clogging  of  the  nois£le. 

Half  a  gallon  of  the  solution  would  scarcely  be  sufficient  to  thoroughly  drench  an 
orange  tree  5  feet  tall  by  the  same  in  diameter  ;  I  should  have  used  at*  least  three 
tinies  this  quantity  in  ridding  a  tree  of  this  size  of  the  loeryae. 

Under  date  of  October  15,  Mr.  Wheeler  further  writes  me  as  follows: 

**  Dear  Sir:  I  have  just  again  looked  at  the  tree  which  I  sprayed  three  times  with 
the  resin  compound.  A  large  portion  of  the  black  scale  is  deaa,  but  not  all.  New 
growth  has  started  at  points,  and  the  smut  upon  the  foliage  loosened,  but  the  tree 
does  not  look  much  better.  *  *  *  The  compoimd  seems  a  good  one,  and  if  I  can 
learn  to  make  it  without  so  much  loss  of  time  and  material  i  shall  probably  use  it 
next  year.  If  it  could  be  made  within  half  an  hour  after  the  water  boils,  as  I  did 
once,  and  a  nozzle  used  that  didn't  keep  clogging,  I  would  like  it  much.  »  *  * 
I  don't  remember  that  there  was  much  trouble  from  the  plunger  of  the  pump  stick- 
ing, thousrh  I  think  a  little;  the  most  was  free  from  the  nozzle  becoming  clogged, 
re^iuiring  great  preasure  in  pumping  to  overcome  it. 

*•  I  will  look  once  more  at  the  fruit.  No,  as  far  as  eyesight  can  judge,  neither 
the  fruit  nor  the  new  growth  are  injured  a  particle  on  the  budding  trees.  I  used  a 
litilo  from  the  bottom  of  the  barrel — probably  a  little  over  strength — on  a  young 
8ee(^lli»ig  tree,  and  the  leaves  look  a  trifle  curled  (not  burnt)  as  if  from  wilting,  and  i 
don't  knotfv-  but  that  is  the  reason,  though  I  have  watered  it  since. 

"  I  should  say,  with  a  deal  of  confidence,  that  the  wash  is  absolutely  harmless  to 
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the  fruit  and  foliage;  in  fact,  when  it  didn't  injure  my  eyeball  I  didn't  see  (logically, 
not  physically)  how  it  could  injure  a  green  orange." 

Mr.  Wheeler  also  writes  me  that  he  purchased  his  materials  from  the  Los  Angeles 
Soap  Company,  of  this  city,  and  that  the  prices  were  as  follows:  Caustic  soda,  4^ 
cents  per  pound;  resin,  2^  cents  per  pound.  At  these  rates,  each  gallon  of  the  diluted 
wash,  made  according  to  the  formula  I  have  given  above,  will  cost  a  little  less  than 
three-quarters  of  a  cent  for  the  materials. 

The  following  are  some  of  the  experiments  which  I  made  with  this  compound 
during  the  past  season  : 

(156)  Resin,  8  pounds ;  caustic  soda,  1  pound  ;  water  to  make  30  gallons.  Sprayed 
lightly  on  rose-bushes  infested  with  the  Iceryae.  This  proved  fatal  to  only  aliout 
one-half  of  the  Iceryae ;  the  bushes  were  uninjured. 

Mr.  Alexander  Craw,  of  tliis  city,  sprayed  a  number  of  rose-bushes  with  this  com- 
pound last  winter,  using  10  pounds  of  resin,  1  of  caustic  soda,  and  water  to  make 
50  gallons ;  this  was  not  strong  enough,  so  he  added  more  resin  and  caustic  soda, 
until  the  proportions  were  about  10  pounds  of  resin,  1  of  caustic  soda,  and  water  to 
make  40  gallond.  The  rose-bushes  were  very  thoroughly  sprayed  with  this  solution, 
and  nearly  all  of  the  IceryaB  were  killed,  while  the  bushes  were  uninjured.  These 
bushes  were  situated  in  the  immediate  vicinity  of  infested  orange  trees,  and  about 
eight  months  later  were  about  as  thickly  infested  with  the  IceryaB  as  when  first 
sprayed. 

(157)  Resin,  8^  pounds ;  caustic  soda,  1  pound ;  water  to  make  38  gallons.  Sprayed 
on  an  orange  tree.  About  90  per  cent,  of  the  leery se  were  killed,  while  the  foliage 
of  the  tree  was  uninjured.  A  dozen  red  scaler  {Aspidiotiis  aurantii,  Maskell)  were 
also  upon  this  tree,  and  all  but  one  of  them  were  killed.  Several  weeks  after  the 
application  the  black  smut  still  adhered  to  the  leaves.  • 

(158)  Resin,  8^  pounds ;  caustic  soda,  1  pound ;  water  to  make  26  gallons.  Sprayed 
on  an  orange  tree.  All  of  the  Iceryas  were  killed ;  leaves  uninjured  and  still  cov- 
ered with  the  black  smut  seven  weeks  later.  Three  out  of  the  six  green  oranges 
upon  this  tree  had  a  brown  spot  burned  into  their  under  side  where  the  solution  had 
collected  in  a  large  drop  ;  this  may  have  been  produced  by  some  of  the  solution  in 
the  bottom  of  the  vessel  which  was  stronger  than  the  rest,  as  the  solution  had  not 
been  strained  previous  to  being  applied.  Some  of  it  was  also  sprayed  on  a  peach 
tree,  but  did  not  injure  the  leaves.  There  were  also  several  red  scales  and  soft 
scales  (Lecanium  hesperidum,  Linn.)  upon  the  orange  tree,  and  all  of  these  were 
killed. 

(164)  Resin,  8^  pounds ;  caustic  soda,  1  pound ;  water  to  make  76  gallons.  Strained 
the  solution  through  a  piece  of  tarlatan  cloth  and  sprayed  it  on  an  orange  tree. 
Nearly  all  of  the  young  IceryaB  in  the  first  and  second  stages  were  killed,  but  many 
of  the  older  ones  and  nearly  all  of  the  adults  escaped  injury ;  leaves  and  fruit 
uninjured. 

In  making  these  experiments  I  used  an  aquapult  pump  and  a  Crofton  nozzle.  A 
figure  of  tms  pump  is  given  by  Professor  Riley  in  the  fourth  rejwrt  of  the  United 
Stotes  Entomological  Commission,  Plate  XL,  fig.  1 ;  and  a  good  idea  of  the  nozzle 
may  be  gleaned  from  fig.  8,  Plate  xxi,  of  the  same  report.  The  Crofton  nozzle  has 
an  eddy  chamber  in  place  of  the  hole  or  bore  shown  at  c  in  the  above-mentioned 
figure,  and  by  turning  the  shut-off  plug  (B)  a  coarse  or  fine  spray  may  bo  had  at  the 
will  of  the  operator.  This  is  an  improvement  over  the  Cyclone  and  San  Jose 
nozzles,  in  botn  of  which  it  is  necessary  to  change  the  cap  or  piece  containing  the 
opening  out  of  which  the  spray  issues,  in  order  to  obtain  a  finer  or  coai-ser  spray,  as 
desired.  The  Crofton  nozzle  is  furnished  with  two  openings,  each  of  which  is 
almost  large  enough  to  admit  the  head  of  an  ordinary  pin  ;  one  of  tliese  oi)enings  is 
situated  at  the  end,  and  the  other  on  one  side  of  the  nozzle,  and  by  turning  the  shut- 
off  plug  the  spray  may  be  made  to  issue  from  the  end  or  from  one  side  of  the  nozzle 
as  desired.  There  is  also  a  larger  opening  on  one  side  of  the  nozzle,  intended  as  a 
means  for  freeing  the  outlet  of  the  eddy  chamber  when  it  becomes  clogged,  but  I 
did  not  find  this  to  operate  very  successfully.  Whenever  the  outlet  became  clogged 
I  found  it  necessary  to  take  out  the  shut-off  plug  and  remove  the  obstacle  ;  but  the 
nozzle  seldom  clogged  when  the  wash  had  been  previously  strained. 

THE  COPPER  MIXTURE  OF  GIRONDE  AS  AN  INSECTICIDE. 

On  the  20th  of  last  January  I  received  the  following  letter  from  Professor  Riley, 
under  date  of  January  13  : 

**  Dear  Sir  :  I  learn  from  Mr.  Scribner  that  Mr.  A.  B.  Elder,  of  San  Jose,  reports 
that  the  *  Bordeaux  mixture,'  or  *  Copper  mixture  of  Gironde '  recommended  by  the 
Section  of  Mycology  of  the  Department  for  Grape-vine  Mildew  works  well  on  ti*ees 
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I  a  scale  preventive  and  destroyer.  I  should  like  to  have  you  corre- 
'.  Elder  and  ask  him  tjie  facts  in  the  case,  and,  if  it  seems  worth  while, 
>erimentB  yourself  with  lliis  miiture." 

■  I  wrot«  to  Mr.  Elder  npon  the  eubject,  and  received  the  following 
late  of  January  29  : 

Yours  of  the  Slst  instant  is  to  hand,  and  in  reply  will  say  that  the  com- 
yingfruit  trees  was  used  bj  me,  and  the  results  were  good.  I  used  the 
Tding  to  the  circular  of  the  Hon.  Norman  J.  Colman.  and  I  used  it 
d  other  useless  bushes  until  I  ascertained  the  proper  strengtli ;  I  tlien 
infested  trees  with  it,  'and  the  results  were  aD  tl^t  could  be  wished, 
ffoctual." 

B  subject  worthy  of  a  careful  investif^tioii  I  obtained  the  necessary 
proceeded  according  to  the  directions  given  in ' '  Circular  No.  8,  Section 
'athology,"  reprinted  on  pages  338,  829,  of  the  annual  report  of  this 
ir  1887.     . 

Fed  2  pounds  of  sulphate  of  copper  (also  known  as  bluestone  or  Wiie 
.  GEiOj,  in^igallonsof  cold  water;  it  dissolved  in  about  an  hour,  with 
ring.    I  next  slaked  3  pounds  of  quicklime  (CaO)  in  half  a  gallon  of 

next  day  added  it  to  the  above  solution  of  sulphate  of  copper,  stirring 
On  the  following  day  I  made  several  tests  with  it,  the  more  import- 
ire  as  follows: 

pint  of  the  above  slilphate  of  copper  and  lime  mixture  and  diluted  it 
>f  water;  this  wasthen  strained  tnrough  a  piece  of  this  tarlatan  cloth, 
[id  ounces  of  a  semi-solid  substance  was  removed.  The  liquid  portion 
ipon  an  orange  tree  at  1.30  o'clock  p.  m..  while  tlie  sun  was  shining, 
three  weeks  later,  and  found  tliat  only  a  few  of  the  IcoryEe  had  been 
rash ;  the  foliage  was  uninjured. 

rints  of  the  above  sulphato  of  copper  and  lime  mixture  and  diluted  it 
water;  strained  it  ttu-ough  a  piece  of  tarlatan  cloth,  and  removed 
pint  of  a  semi-solid  substance;  the  liquid  portion  was  then  sprayed 
lO  tree  at  2  o'clock  p.  m.,  while  the  r--"  "-"-  -'■:":—■  t  ».i,..^,»~i  ii- 
.ter,  and  found  that  about  one-half  t] 

sed  into  the  undiluted  sulphate  of  co 

tree  infested  with  the  Iccit'eb;  this  .    „ 

is,  somewhat  resembling  whitewash.  Three  weeks  later  this  coating 
pen  in  many  places,  and  the  Iceryse  beneath  it  were  alive  and  appar- 
I  could  not  discover  that  a  single  one  of  them  had  been  killed  by  the 
;ain  examined  it  two  weeks  later;  about  five-sixths  of  the  surface  of 
bark  of  this  branch  was  still  covered  with  this  mixture;  many  Iceryss 
wn  upon  it,. and  were  apparentlyin  a,  healthy  condition.     The  foliage 


rials  for  the  wash  of  the  strength  eiven  above  in  experiment  162  costs 
the  rate  of  8  cents  per  gallon,  and  the  wash  proved  fatal  to  onlyone- 
te,  I  did  not  deem  it  advisable  to  use  it  any  stronger,  since  the  coet 
ave  prohibited  it  from  being  used  on  a  large  scale. 
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By  Mary  E.  Mcrtfeldt,  Kirkieood,  Mo. 

LETTER  OF  SUBUITTAI. 

se  herewith  the  record  of  the  more  important  of  my  obaervationa  on 
d  liabits  of  injurious  and  beneficial  insects  during  the  present  season, 
3  occasion  to  express  my  thanks  to  you  for  determinations  and  other 
;h  my  work  was  greatly  facilitated. 
Eully,  yours, 

Mast  K  UnsTFzu>T. 

llLEY, 

<tologi»t  U.  8.  D^artment  of  Agriculture. 
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GENERAL  OBSERVATIONS. 

Early  vegetables,  strawberries,  and  other  herbaceous  planttt  suffered  ooxiiilderably 
from  tiie  iittacks  of  Cut-worms,  among  which  the  larvaa  of  Agrotis  sauoia^  A,  $ub- 
gotuica,  and  ^4.  telifera  were  conspicuous.  The  chmbin^  species,  Agrotiit  ultemata^ 
A,  Mundetisi/)  a.nd  Hojnohadena  badintriga  also  did  considerable  damage  iu  cutting 
the  foliage  and  blossom  buds  of  fruit  trees  and  grape  and  honeysuckle  vines.  We 
found  that  bits  of  old  carpet  or  gunny  sacks,  crumpled  or  folded,  made  the  most 
inviting  traps  for  these  worms,  and  an  examination  of  these  during  the  day-time 
seldom  failed  to  reveal  a  considerable  number  of  the  worms  enjoying  the  treacherous 
hidmg  places.  This  kind  of  trapping  is  no  more  trouble  than  and  is  much  prefer- 
able to  the  application  of  poisons  to  or  around  the  plants  attacked. 

FleOrbeetles  (Phyllotreta  vittata  and  P.  zimTnernianni)  were  in  this  locality  con- 
epicuous  for  their  scarcity  during  the  entire  season.  This  immunity  Is  probablv  to 
be  attributed  in  part  to  the  extreme  drought  and  consequent  baking  of  the  soil  of 
the  previous  year,  and,  in  the  case  of  the  last-named  species,  to  the  eradication  of 
the  weeds  Lepidinm  and  Arahi$f  which  are  the  favorite  food  plants  of  its  leaf -mining 
larvae. 

The  Plum  Curculio  did  comparatively  httle  damage  during  the  present  season, 
although  stone  fruits  al>oundea  more  than  they  had  done  for  nve  years.  The  later 
peaciies  suffered  most,  principally  from  their  punctures  for  food. 

The  Codling  Moth  did  no  appreciable  damage*  throughout  the  State,  so  far  as  I 
can  learn,  and  within  my  personal  observation  certainly  not  more  than  5  per  cent, 
of  an  unusually  full  crop  was  *•  wormy,"  A  few  enterprising  orchardiste  of  my 
acquaint  nee  were  at  the  i  xi^nse  of  procuring  spraying  apparatus  and  arsenic  or 
Paiiai  green.  These  were  used  liberally,  in  some  cases  disastrously  for  the  orchards, 
and  the  owners  were  chagrined  to  learn,  later  on,  that  neighboring  orchards,  not 
treated,  enjoyed  an  equal  inmunity  from  the  apple  worm. 

The  Annv-woj'm  (iMucania  iinipuncta)  made  its  appearance  In  many  parts  of  the 
Stale,  and  cLld  coiatjiderable  injury  to  grass  and  small  grains.  So  far  as  1  have  been 
Iziformed  it  mostiy  developed  in  the  fields  where  ftret  ohnerved  and  did  not  migrate 
in  comixmies.  In  Montgomery  County,  however,  s^mie  ditching  was  done  to  check 
its  incursions.  In  Saint  Louis  County  it  was  quite  destructive  In  the  spring,  not 
only  on  faiins  but  in  suburban  gardens,  cutting  off  the  earlier  plantings  of  sweet 
corn,  and  d waiting  the  small  plats  of  rye,  oats,  and  sorghum  sown  for  pasturage 
and  chicken  fe<<l,  A  large  proportion  of  the  worms  I  collected  were  parasited  by 
Tachifue  and  lojineiimonidce.  The  succeeding  broo;iw  of  the^ie  woi-ms  did  not  attract 
any  attention.  The  moth  Is  **  always  with  us  "  and  Is  more  commonly  taken  during 
autumn  than  at  any  otlier  season. 

Leaf -cutting  Bees  {Megachile),  which  have  been  for  a  few  years  past  such  depre- 
dators on  the  beauty  of  our  more  delicately  colored  flowers  as  to  rank  them  among 
Hrst-dass  iK\sts,  were  much  less  numerous  the  present  season.  I  can  only  account 
for  this  on  the  theory  that  the  frequent  and  heavy  nddsmnmer  showers  drowned  the 
Jarvae  and  probably  to  some  extent  the  mature  bees,  since,  with  us,  they  had  ac- 
quired the  habit  of  using  tunnels  in  the  ground  for  their  nests.  I  have  freipiently 
seen  tliem  carrying  their  floral  fllchlngs  into  these  holes,  but  whether  they  them- 
jBelves  dig  them  (which  does  not  seem  probable,  scarcely  possible.  Indeed)  or  merely 
make  use  of  the  excavations  of  some  other  Insect  or  spider,  I  have  not  been  able  to 
ascertain. 

Grapta  interrogatiouis,  which  with  us  feeds  principally  on  the  Elm,  this  summer 
attacked  the  Hop  Allies  in  and  around  Kirkwood  to  a  ruinous  degree.  It  also  fed 
largely  on  the  Hackheriy  {Celt in). 

A  Plaguy  of  Psylla  lice. — For  some  years  we  have  been  greatly  annoyed  during 
the  montlis  of  September  and  October  by  swarms  of  these  insects  (PachypsfjUa  c- 
vesicuhnn)  bred  from  small,  blister-like  galls  on  the  leaves  of  a  fine  Hackberrv  tree, 
distant  about  15  feet  from  the  house.  In  their  search  for  winter  quarters  they  in- 
vaded kitchen  and  dining-room,  hall  and  chambers,  settling  on  table  Unen  and  food 
and  on  the  beds,  even  making  their  way  between  the  sheets,  causing  much  discom- 
fort and  disgust.  They  are  so  small  that  wire  screens  were  no  barrier  to  their  in- 
gress. Recently  the  nuisiince  became  insupportable,  and  with  much  reluctance  the 
fiee  was  condemned  to  tlie  ax. 

ChloHclea  rliexia  on  Geraniums. — The  handsome  larva  of  this  handsome  moth 
usually  shows  a  preference  for  feeding  in  concealment,  and  unf^  this  year  I  had 
only  reared  it  from  the  fniit  of  Physalis  viseosa,  the  inflated  calyx  of  which  af- 
forded it  the  requiwte  protection.  This  summer  accounts  were  brought  to  me  by 
several  neighbors  of  certain  "red  worms"  that  were  eating  the  blossoms  of  their 
geraniums.    I  presently  obtained  some  and  wai^  much  interested  iu  observing  the 
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oolorational  adaptation  to  the  part  of  tlie  plant  on  which  they  preferred  to  feed. 
Indeed,  so  l>rilliant  wei'o  their  colors  that  I  failed  to  recognize  them  and  took  a  de- 
scription and  preserved  nyeciinens  in  alcohol  (which  have  lost  their  color,  however, 
to  a  great  v^xU^at),  under  the  iinprt3saion  tliat  I  liad  gomething  new.  When  the  moths 
emerged  about  three  weeks  later  I  was  sui'prised  to  recognize  in  them  a  species  with 
which  I  had  long  Ix'en  familiar.  Tlie  only  remedy  employed  was  to  pick  them  by 
hand  from  the  infested  flower  tr usees,  and  the  eye  required  some  practice  before 
tli^  were  rea<lily  distuiguished. 

The  Seventeen-year  Ciccula. — Pa^ising  across  northern  Illinois  from  Chicago  west- 
ward, about  tlie  middle  of  August,  the  work  of  the  Cicadas  on  the  forest  trees  and 
orchards  of  that  section  of  the  State  was  so  conspicuous  as  to  occasion  much  re- 
mark from  travelers.  Many  small  trees,  both  oak  and  apple,  were  killed  outright, 
and  entire  groves  had  the  appearance  of  having  been  severely  scorched  by  fire.  The 
insects  seemed  to  be  mor«t  numerous^  -judging  by  their  effects,  than  they  were 
in  1871,  when  I  remember  making  similar  observations  at  the  same  time  of  that 
year. 

SPECIAL  STUDIES. 

THE  ORAPE  SCALE. 

(Aspidiotus  uvoRj  Comstock.) 

Early  in  the  spring  a  vine  of  Concord  grape,  standing  in  the  middle  of  a  row,  was 
observed  to  be  thickly  covered  with  the  pale,  brown,  and  dingy  white  scales  of  a 
coccid,  hitherto  unknown  in  the  vineyards  of  this  region.  Examination  and  com- 
parison with  descriptions  convinced  me  that  it  was  the  species  above  named,  first 
partially  characterized  by  Professor  Comstock  in  the  Report  of  the  Department  of 
A^culture  for  1880.  Specimens  were  sent  to  Dr.  Riley,  who  concurred  m  the  deter- 
mmation. 

The  infested  vine  was  found  to  have  made  a  much  less  vigorous  growth  than  its 
neighbors  during  the  previous  year,  and  the  old  wood  was  so  thickly  incrusted  with 
the  scales  as  to  have  the  api)earance  of  being  whitewashed.  Several  of  the  stems 
most  severely  attacked  were  killed  outright.  What  was  more  singular  was  the  fact 
that  none  of  the  adjacent  vines — the  nearest  on  each  side  not  more  than  12  feet  dis- 
tuit— showed  a  single  scale.  This  could  only  be  accounted  for  on  the  hypothesis 
that  the  insect  had  l>een  transported  from  some  perhaps  quite  distant  vineyard  by 
a  bird  which  had  here  iirst  alighted  and  obtained  a  riddance  of  its  small  company. 
From  the  appearance  of  the  scale  it  seemed  probable  that  the  insect  had  been  de- 
veloping ana  multiplying  on  this  individual  vine  for  several  years,  and  it  was  re- 
markable that  birds  or  some  larger  insects  should  not  have  conveyed  it  to  some  of 
the  other  vines. 

Naturally  it  seems  to  spread  very  slowly,  the  newer  broods  fixing  themselves  tost 
beyond  the  borders  of  those  of  the  previous  year,  never  advancing  beyond  wood  of 
less  than  two  years'  growth  and  seemingly  very  partial  to  tiie  shelter  afforded  by 
the  loosened  shreds  of  bark.  Here,  with  their  myriad  slender  beaks  buried  in  the 
sap  wood,  they  slowly  but  surely  exhaust  the  vitality  of  the  vine,  as  indicated  by 
the  diminished  size  and  paler  color  of  the  foliage,  inequality  in  the  size  and  irregu- 
Uurity  in  the  ripening  of  the  fruit,  and  general  unthriftmess.  Upon  lifting  the  scales 
about  the  middle  of  April  from  thirty  to  forty  (as  nearly  as  they  could  be  counted) 
oval,  pale-yellow  eggs  could  be  seen.  From  these  the  young  lice  began  hatching  on 
the  ISith  of  May,  and  could  be  discerned  slowly  crawling  about  among  the  old  scales 
and  spreading  over  the  unoccupied  spaces.  They  are  barely  visible  to  the  unaided 
eye,  being  scarcely  one-tentli  millimeter  in  lengtli.  Under  a  strong  lens  they  are 
seen  to  be  of  elongate  form  and  pale  orange  color,  with  darker  head;  beak  not  dis- 
tinguishable. It  was  impossible  to  ascertain  precisely  the  length  of  the  time  during 
which  they  were  active,  as  they  continued  to  emerge  for  some  time,  and  it  required 
more  continuous  observation  than  I  was  able  to  give  at  that  time  to  settle  the  point. 
New  scales  were  formed  during  the  month  of  June,  and  early  in  July  a  few  wmged 
males  appeare<i  in  a  jar  in  which  I  had  a  few  days  previously  plac^  some  fresh 
sections  of  the  infest4»d  stems.  In  this  sex  the  body  is  ovate,  of  a  dull  orange  color, 
with  a  darker  dorsiU  thoracic  band;  wings  hyaline,  and  stylet  very  long. 

Professor  Comstock  descrilies  the  male  scale  as  darker  than  that  of  the  female  and 
elongate,  but  unless  my  observations  were  at  fault  the  pupsB  were  only  covered  by 
a  circular  white  scale,  similar  to  that  covering  the  exuviae  of  the  female.  I  was 
not  able  to  see  any  male  in  the  act  of  emergence,  so  I  will  not  be  positive  on  tkna 
point.  In  the  rearing  jar  even  this  sex  was  very  sluggish  and  out  of  doors  they 
entirely  eluded  my  oteervations. 
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The  subsequent  development  of  this  species  has  been  very  slow.  Most  of  the 
females  are  but  lialf  grown,  and  the  largest  still  retain  their  segmentation.  I  even 
found  a  few  active  individuals  as  late  as  the  20th  of  October.  By  carefully  raising 
the  bodies  of  some  of  the  females — which  are  of  a  disk-like  form  and  pale  yellow 
color — the  long  and  extremely  tenuous  beak  can  be  partially  or  entirely  extracted 
and  a  minute  globule  of  sap  will  ooze  up  from  the  punctui*e.  .  The  powers  of  my 
microscope  are  not  equal  to  the  clear  resolution  of  the  groups  of  spinnerets  or  the 
confonnation  of  the  marginal  plates  and  fringes,  but  I  have  no  doubt  tliey  are  cor- 
rectly delinetited  in  the  cuts  accompan3ring  Professor  Comstock's  description .  W liil e 
this  bark  louse  shows  itself  very  injurious  to  the  vine  on  which  it  has  become  es- 
tablished, it  has  not,  so  far  as  one  may  judge  by  the  observation  of  a  single  season, 
very  great  powers  of  spreading  from  vine  to  vine.  It  is  also  comparatively  easy  to 
eradicate  it  by  carefully  burning  the  prunings  and  by  washing  the  remaining  stems 
in  strong  soap-suds  to  which  has  been  added  1  tablespoonf  ul  of  kerosene  to  a  gallon 
of  the  suds.  Wishing  to  learn  more  of  the  habits  of  the  species  I  would  not  suffer 
all  of  the  stems  to  be  sponged,  but  all  that  were  treated  to  the  soap  and  kerosene 
mixture  remained  free  from  the  scale  throughout  the  season.  .  Simultaneously  with 
the  hatching  of  the  young  coccids  appeared  a  very  active,  though  tiny,  mite,  which 
preyed  upon  them  voraciously,  and  no  doubt  reduced  their  nimibers  at  least  one-half. 
I  did  not  secure  any  Chalcid  parasites,  but  from  the  appearance  of  some  of  the  scales 
I  have  no  doubt  they  were  present,  more  especially  as  I  bred  this  season  a  number 
of  specimens  of  Aplielinus  fi*om  the  closely  alUed  Rose  scale.  The  beet^?s  and  larvaa 
of  the  Twice-staboed  Lady-bird  {Chilocoi'us  hivulnerus^  Leach)  were  imerous  on 
the  vine  and  undoubtedly  did  effective  work  in  clearing  off  the  coccid: .. 

THE  CABBAGE  CURCULIO. 

\Ceutorhynch2is  Jiapi,) 

During  the  latter  part  of  April  Mr.  Henry  Sclmell,  of  the  Glasgow,  Mo. ,  small 
fruits  and  vegetable?  farms,  wrote  me  concerning  an  insect  that  was  proving  very 
destructive  to  cabbage  plants  in  his  hot-beds.  Specimens  of  the  affected  plants  were 
inclosed,  which  were  found  to  be  punctured  and  fretted  in  the  crown  and  along  the 
principal  veins,  a  large  proportion  of  the  plants  being  killed  by  these  attacks. 

A  few  da^s  later  I  received  from  Mr.  Schnell  several  sp^ecimens  of  a  small,  dark 
gray  curcuho,  with  the  information  that  it  was  '*  the  same  insect  that  had  destroyed 
a  considerable  number  of  his  plants  in  the  field,  later  in  the  season  of  the  previous 
year."  A  package  of  young  cabbage  plants  was  also  inclosed,  almost  every  one  of 
which  was  found  to  be  punctured  in  the  center  or  at  the  side  of  the  crown,  and  con- 
tained a  small  white  grub,  which  was  boring  downward  into  the  root,  its  soft  cast- 
ings filling  the  tunnel  in  its  rear  and  being  often  forced  out  through  the  entering 
fissure.  Mr.  Schnell  wrote:  '*They  have  already  ruined  over  one-half  of  40,000 
plants  in  my  hot-beds,  and  I  should  like  to  be  prepared  to  check  their  depredations 
another  year.  How  would  a  good  salt  dressing  do  for  the  beds,  after  taking  out 
the  plants,  to  kill  the  larvae  that  might  be  in  the  ground  ?  " 

In  answer  to  the  query  I  advised  a  thorough  drenching  with  hot  water  instead  of 
the  salt  application,  which  might  prevent  the  growth  of  other  plants,  for  which  the 
beds  would  be  needed  after  the  cabbage  was  removed.  Many  of  Mr.  SchnelFs  first 
settings  of  plants  in  the  field  also  wilted  and  died,  as  it  was  impossible  always  to 
select  such  aa  had  not  been  stung.  However,  by  destroying  as  far  as  possible  all 
that  showed  signs  of  iniury ,  and  by  thoroughly  scaJding  the  hot-beds,  as  he  informed 
me  later,  he  so  reduced  the  numbers  of  the  pest  as  to  escape  serious  loss  in  his  later 
plantings,  and  by  the  1st  of  June  both  beetles  and  larvaa  had  completely  disaj)- 
peared. 

The  experience  of  my  correspondent  with  this  insect  would  seem  to  be  unique, 
as  it  has  not  heretofore,  so  far  as  I  can  learn,  committed  any  depredations  to  entitle 
it  to  a  place  in  American  works  on  economic  entomology.  It  is  to  be  hoped  that 
this  instance  was,  so  to  speak,  a  **  sporadic"  development  and  not  a  **  first  appear- 
ance "  of  what  is  destined  to  become  a  general  pest. 

Although  unnamed  in  my  collection  until  kindly  determined  for  me  last  spring 
by  Professor  Riley,  the  species  was  not  entirely  unknown  to  me,  as  I  had  bred  it 
several  ^ears  before  from  larvae  boring  the  stalks  of  the^  wild  Pepper  grass  (Lepi- 
dium  vtrginiciim)  early  in  the  spring.  The  original  descriptions  of  this  species  not 
being  accessible  to  me,  I  transcribe  the  following  characterizations  from  my  note- 
book: 

Egg  one-half  millimeter  in  length,  of  oval  form,  almost  transparent,  very  frail, 
deposited  in  a  cavity  drilled  by  the  rostrum  of  the  parent  beetle. 

Lanfa,  when  full-grown,  from  4  to  6  millimeters  in  length  and  about  li  millimeten 
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in  diameter,  neaxl^  cylindrical,  tapering  abruptly  at  either  end.  Incisions  shallow, 
surface  faintly  wrinkled,  with  fine  transverse  and  oblique  impressed  lines,  with  a 
slightly  elevated,  fleshy  lateral  ridge,  ventral  surface  also  ridged  and  papillated. 
Head  about  half  the  diameter  of  thoracic  segments,  nearly  circular,  bright  golden 
brown  with  dark  brown  trophi.  Feeds  and  rests  in  an  extended  or  very  sUghtly 
curved  position. 

Pupa  not  observed,  inclosed  in  compact,  neai-ly  spherical  earthen  cell  just  beneath 
surface  of  the  ground. 

Beetle  broad  oval,  from  2 A-  to  3  millimeters  in  length  and  2  millimeters  in  diam- 
eter. Rostrum  one-half  the  length  of  the  body,  stout,  cylindri«?al,  faintly  grooved; 
antennae  elbowed,  slender,  but  broadly  clavate ;  eyes  small,  oblong,  situated  low 
down  at  the  base  of  the  rostrum.  Thorax  conical,  cylindrical,  the  anterior  edge 
projecting  in  a  circular  vein  around  the  head.  Eilytra  somewhat  shouldered,  fold- 
ing down  so  closely  over  the  body  that  the  median  line  is  scarcely  visible.  Thighs 
thickened  on  all  the  legs.  Color,  to  casual  observation,  varying  from  silvery  to  dark 
gra^.  The  integument  is  really  dull  black,  but  it  is  covered  with  a  short,  coarse, 
wfajtish  pub^cence,  finest  and  densest  on  lateral  and  ventral  surfaces,  gi^ing  to  them 
a  somewhat  Ughter  tint.  The  elytra  are  beautifully  striated  by  the  arrangement  of 
thepubescence  in  fine  longitudinal  Unes. 

The  beetles  from  the  spring  brood  of  larvae  emerged  about  the  middle  of  Jime. 
I  have  not  been  able  as  yet  to  ascei*tain  whether  there  is  a  second  brood.  Should 
there  be,  the  larval  habits  v/ould  necessarily  be  somewhat  different. 

A  NEW  APPLE-TWIG  BORES. 

(Elaphidioii  ocellata,  Hald.) 

Early  in  September  of  last  year  (1887)  d,  CoiTespOndent,  who  is  a  large  orchardist 
in  southern  Missouri,  sent  me  a  lot  of  apple  twigs  Containing  the  larvae  of  a  longi- 
com  borer,  which  he  informed  me  was  proving  veiy  destructive  to  the  recent  growth 
of  his  young  apple  trees.  My  first  impression  was  that  the  insect  was  Elaphidion 
villosum  or  parellelum,  if  there  is  really  any  difference  between  these  two.  A  criti- 
cal examination,  however,  revealed  characters  clearly  distinguishing  it  from  these 
species.  The  larvse  varied  in  length  from  12  to  16  miUimeters,  those  most  nearly 
mature  being  3  millimeters  in  diameter  across  thoracic  segments.  The  segment 
were  narrow,  somewhat  angulated,  much  wrinkled,  with  papillate  elevations  on 
dorsuui  and  venter  bearing  interinipted  corneous  ridges;  incisions  very  deep. 
Color,  bright  golden  yellow.  Head  rather  small,  dark  brown,  and  much  like  that 
of  E.  villosum.  The  most  characteristic  feature  is  the  shield-shaped  corneous  plate, 
resembling  that  of  the  larvae  of  Oncideres  cingulattis,  arising  obliquely  from  the 
head  and  covering  the  entire  dorsum  of  the  first  thoracic  segment.  The  apex  of 
this  plate  is  roughened  with  dark  brown  stippling,  presenting  the  appearance,  to  the 
eye  but  not  to  the  touch  of  a  small  spongy  pad.  The  stigmata  are  inconspicuous. 
Legs  and  prolegs  entirely  undeveloped. 

These  larvae,  liaving  completely  hollowed  out  the  twigs  in  which  they  were  work- 
ing when  received,  were  successfully  transferred  to  fresh  ones,  into  which  they  at 
once  entered  and  began  to  bore  hungrily.  They  devour  not  only  the  pith  but  the 
woody  fiber,  electing  the  granulated  frass  through  pin-like  holes  cut  through  the 
bark  at  irregular  intervals. 

When  winter  set  in,  fearing  that  these  larvae  might  not  be  able  to  complete  their 
transformations  in  the  dry  air  of  the  house,  I  put  the  twigs  containing  them  in  a 
wire-cloth  box  and  fastened  it  near  the  ground  to  a  shrub  in  the  garden. 

Early  in  April  I  examined  into  their  condition  and  found  them  healthy  and  un- 
changed. Not  considering  it  probable  that  they  would  transform  very  early,  if  at 
all  tliis  season,  I  did  not  pay  any  further  attention  to  them  for  three  or  four  weeks, 
and  was  much  surprised,  on  May  8,  to  find  that  all  the  beetles,  three  in  number, 
were  i)erfected,  the  pupal  period  being  apparently  very  short. 

The  species  proved  to  be,  as  I  had  anticipated,  one  not  previouslv  reported  as  in- 
jurious, and  was  kindly  determined  for  me  by  Professor  Riley  as  the  one  named  at 
the  head  of  these  notes. 

Tlie  beetle  is  of  slender  form,  somewhat  smaller  than  E,  villosum,  with  bluish- 
black,  densely  punctate  elytra,  which  are  slightly  but  gradually  con^ricted  in  the 
middle  and  notched  at  the  tips.  Thorax  dull  red,  with  a  conspicuous  black  spot  on 
each  side  of  the  median  Une.  Head  black,  antennae  nearly  equaling  the  lengUi  of 
the  body,  and  under  legs  pale,  reddish  brown. 

In  July  of  the  present  year  I  received  from  Mr.  Elliott  a  second  consignment  of 
twigs  containing  this  borer  in  various  stages  of  growth,  with  the  information  that 
it  was  more  abundant  than  last  year,  notwithstaiuUng  his  care  at  the  time  to  cut 
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and  burn  all  twigs  observed  to  be  infetited.  A»  his  orchaida  are  very  extensive  it  io 
not  surpriBing  that  a  sufficient  number  of  beetles  escaped  last  aututnn  to  more  than 
keep  up  the  succession. 

I  nave  not  been  able  to  ascertain  whether  any  account  of  the  habits  of  this  species 
accompanied  the  original  descriptions,  but  as  the  orchards  from  which  it  was  re- 
porttni  to  me  are  located  in  the  Ozark  Mountains,  so  called,  it  probably  migrated 
from  some  tree  or  shrub  indigenous  to  the  forests  of  that  region.  It  is  undoubtetUy 
annual  brooiled  and  there  is  occasion  to  fear  that  it  will  become  a  more  pernicious 
pest  than  its  congeners,  E,  villosum  or  Ondd^res  eingulutus.  The  only  remedy 
seenus  to  );e  pei-nistent  pruning  of  the  twigii  betraying  its  presence.  It  is  possible  that 
suraying  the  foliage  with  Paris  green  during  the  month  of  May  would  tend  to  keep 
the  beetle  from  the  trees,  but  the  experiment  has  not  yet  been  made. 

NOTEB  ON  REMEDIES. 

Cotton  Bands  for  Canker-wontia, — Having  found  the  sticky  bandagea — tar,  mo- 
laasen,  etc. — for  tne  female  Canker-worm  moth  rather  troublesome  by  reason  of  the 
necessity  for  frequent  renewal,  I  resolved  last  spring  to  ascertain  tlie  value  of  the 
loose  cotton  Ijands  for  the  same  purpose.  I  accordingly  procured  three  or  four 
**  batts"  of  the  cheapest  quality  of  cotton  wool.  These  were  opened  as  carefully  as 
possible  and  divided  into  strips  about  4  inches  wide  and  long  enough  to  encircle  the 
trees,  which  varied  from  2  to  3  feet  in  circumference.  The  cotton  was  first  tem- 
porarily fastened  by  a  couple  of  tacks,  or  by  the  double  tacks  use:!  in  putting  down 
India  matting.  •  Afterwards,  to  make  tlie  bandages  more  secure,  a  cord  string  was 
tied  arountl  it  in  the  middle.  Three  batts  of  the  cotton,  costing  36  cents,  were 
tound  sulMcient  to  tuinish  a  girdle  for  forty  trees.  Notwithstanding  that  these 
bandages  were  applied  rather  late — March  17 — a  large  number  of  the  female  moths 
were  trapped.  Most  of  these  would  be  dead  when  examined,  having  exhausted 
themselves  in  vain  efforts  to  free  their  legs  from  the  entangling  fibers.  Numerous 
clusters  of  eggs  would  also  be  found.  The  trees  were  examined  every  two  or  three 
days  and  eggs  and  living  moths  crushed.  The  cotton  proved  such  an  effective  bar- 
rier that  I  do  not  think  a  single  female  succeeded  in  passing  it,  the  very  few  worms 
that  appeared  later  on  the  foliage  being  in  all  probability  the  progeny  of  moths 
that  haa  ascended  the  tree  previous  to  the  application  of  the  bands.  Several  wind 
and  rain  storms  occurred  during  the  latter  part  of  March  and  early  in  April,  with- 
out greatly  Impairing  the  necessary  flufiiness  of  the  cotton.  All  things  considered, 
I  thmk  this  the  cheapest  and  best  of  the  Canker-worm  moth-ti-aps.  To  be  perfectly 
effective,  the  cotton  should  be  attached  as  early  as  the  1st  of  March,  or  even  in 
February,  if  the  season  is  an  early  one. 

Bran  or  Mill-feed  for  Cabbaae-worms, — An  acquaintance  who  is  very  succesf ul  in 
growing  vegetaoles  claims  to  nave  found  in  the  products  above-named  a  remedy 
for  Pieris  rapce.  He  dusts  his  plants  thickly  while  the  dew  is  on  with  one  or  the 
other  of  these  innocuous  substanc^es  and  in  this  way  preserved  his  cabbages  fromd©- 
s^ctlon.  He  considers  the  action  of  this  remedy  merely  mechanical,  preventing 
the  larvw  from  obtaining  a  foothold,  so  to  speak,  and  says  that  he  has  repeatedly 
observed  them  drop  off  when  attempting  to  crawl  over  the  thickly-dusted  leaves. 

Arsenical  Solutions. — My  experience  with  alkaline  solutions  of  arsenic  was  not 
during  the  past  summer  entirely  satisfacti^iy.  As  aqua  cnnmania  in  small  quan- 
tities 18  known  to  be  a  valuable  stimulant  to*^  plant  growth  I  conceived  the  idea  of 
using  this  fluid  as  a  solvent  of  the  arsenic  instead  of  concentrate<l  lye,  which  had 
been  recommended  by  some  experimenters.  I  accordingly  prepared  a  solution  of  1 
ounce  of  white  arsenic  in  1  ijuart  of  ammonia,  and  of  this  I  used  one  table-spoonful 
to  a  gallon  of  \rater.  TVied  upon  Canker-worms  it  was  effective,  but  so  scorched 
the  tender  foliage  of  the  tree  on  which  it  was  sprayed  as  to  do  about  as  much  injury 
as  the  worms  would  have  done.  Half  the  quantity  of  the  poison  in  the  water  did 
not  suffice  to  kill  the  worms.  For  the  rose-slug  and  leaf -feeding  beetles,  Colcuipis 
pretexta  and  its  allies,  it  seemed  a  good  remedy  but  its  effects  on  the  foliage  were 
not  what  I  had  anticipated.  The  same  remedy  was  tried  on  Aphis  on  Chrysan- 
themum, but  was  more  injurious  to  the  plants  than  the  insects. 

As  arsenic  is  soluble  to  a  certain  extent  in  boiling  water  I  think  the  use  in  this 
way  is  preferable  to  any  of  the  alkaline  solutions.  I  do  not  claim,  however,  that 
my  experiments  this  season  were  c/>nclusive,  and  propose  to  repeat  them  another 
year  on  a  greater  variety  of  insects. 

California  Btthach. — This  has  been  considered  our  best  preparation  of  Pyrethrum 
powder,  but  as  furnished  to  and  by  our  local  dealers  it  haa  this  season  proved  very 
oisappointing.  Tlie  active  principle  is  so  volatile  that  when  the  powder  is  kept  in 
bulk,  and  opened  for  the  supply  of  every  purchaser,  for  whom  it  is  put  up  in  paper 
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packai^ed,  tlie  upu*?r  layei*s  of  the  box  or  barrel  are  abiioet  worthlesg  and  entirely 
too  exi>ensiv  e  at  oOor  76  cents  per  pound.  If  this  product  is  to  retain  its  po|)ularity 
and  value  as  an  insecticide  it  must  be  furnished  from  the  manufactory  in  air-tight 
packages  in  whic^li  it  will  not  so  speedily  deteriorate. 


REPORT  ON  NEBRASKA  IV8E0T8. 

Bv  Lawrence  Bruner. 

Lincoln,  Nebr.,  Sejitemher  19,  T888. 

Sir:  Aside  from  a  very  limited  number  of  species  such  as  are  always  more  or  le. 
Injurious,  the  insect  depredations  in  the  Btate  of  Nebraska  have  been  unusually  ft « 
and  light  during  the  present  year.     Among  these  latter  I  will  notice  in  brief  tl;.- 
following  as  having  attracted  my  attention  at  tlie  time  of  their  occurrence: 

Plum  weevils  (Conotrachelus  nenupliar  and  Coccotoru^  scutellaris),  the  Codling 
Moth  {CarpixjapsapoinoneUa),  Cabbage  butterflies  {Pleris  protodice  and  P.  rapce)^ 
the  Annv-worm  (Leurania  uniptnieta),  the  Large  Willow  Saw-fly  (CiTribex  amet'- 
icana)y  tlie  Box-elder  Aphid  {(Jhaitophorits  nequndinis)^  the  Maple-tree  Caterpillar 
{Ani9ota  rubicunda),  the  Corn-root  Worm  {Diaorotica  longicomts),  and  the  Stripeil 
Cotton wood-l>eetle  (Ptagiodera  scrlpta). 

PLUM  WEEVILS. 

On  account  of  late  frosts  over  a  large  portion  of  the  State,  many  of  the  young 
plums  were  destroyed,  and  hence  the  remaining  few  suffered  greatly  from  the  at- 
tacks of  Plum  weevils.  Of  these  both  the  "  Little  Turk"  {Conotrachelus  nenuphar) 
and  the  **  Plum  Gouger'*  (f  'occotorus  seutellaris)  were  very  conspiouous  in  their 
work.  In  the  immediate  vicinity  of  West  Point,  the  locality  where  I  studied  these 
two  insects  during  the  year,  unfortunately  late  frosts  so  nearly  destroyed  the  entire 
crop  of  plums,  tame  as  well  as  wild,  tliat  but  little  could  be  done  in  me  way  of  ex- 

Serimenting  with  arsenical  sprays  as  remedies  against  their  depredations.    The 
ttle  that  I  was  enabled  to  do  with  these  insects  was  communicated  to  you  at  the 
time  of  investigation,  hence  will  not  now  be  repeated. 

In  connection  with  the  Plum  vi-eevils,  1  wish  hero  again  to  call  yoiu*  attention  to 
an  insect  that  infests  the  fruit  of  the  Sand  Cherry  i  Prunus  purnihis)  in  a  similar 
manner  as  does  tlie  Plum  Gouger  the  fi:uit  of  tho  various  plums.  Specimens  of  it 
that  I  sent  on  to  Washington  were  determined  84  Coccotorus  Scutellaria  at  the  time. 
Is  there  not  a  speciflc  difference  between  the  two  insects  ?  My  impression  is  that 
the  two  are  distinct,  as  the  two  forms  are  very  constant. 

CODLING  MOTH, 

Wormy  apples  are  more  abundant  than  ever  in  Nebraska  this  year — if  such  a 
thing  be  possible — a  f  Jict  to  Ix?  greatly  deplored.  But  now  that  spraymg  with  poisons 
has  been  resorted  t<:>  in  many  localities,  it  has  proved  a  sucoessful  method  of  pre- 
venting, if  not  destroying  the  insects  in  their  earliest  stages,  we  can  look  for  relief. 
If,  however,  as  I  still  imagine  the  case  to  be,  this  insect  also  infests  the  thorn  apples 
and  rose-buds  in  this  region,  there  will  still  be  trouble  from  the  pest  from  year  to 
year.  Whether  or  not  the  latter  plants  are  attacked  by  this  moth,  I  expect  to  de- 
t«miine  this  fall. 

Mr.  R  N.  Day,  of  Tekamah,  Nebr.,  tells  me  that  trees  in  his  orchard  that  were 
treated  with  a  spraying  of  Paris  green  are  free  from  the  wormy  fruit,  while  thote 
not  so  treated  are  infested  as  usual.  He  sprayed  his  trees  just  as  the  blossoms  be- 
gan to  drop  and  the  fruit  to  form. 

CABBAGE  BUTTERFLIES. 

Whue  we  have  not  b(»en  troubled  here  in  Nebraska  to  as  great  an  extent  this  year 
as  last  by  the  larvfe  of  iho  Soutliern  and  intnxluced  Cabbage  butterflies,  we  nave 
bad  to  contend  witli  tliem  as  usual  in  most  localities.  I  have  noticed  in  particular 
the  almost  entire  al)8ence  of  the  P.  rapc^  during  the  spring  and  summer  months  of 
the  present  year.  In  conversing  with  several  persons  who  pay  some  attention  to  the 
collecting  oi  Lepidoptera  here  in  the  State,  they  also  spoke  of  similar  observations  in 
connection  with  this  butterfly.    Within  the  last  two  weeks  the  flies  have  become  a 
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little  more  common.     I  can  only  account  for  their  scarcity  on  the  theory  of  disease 
and  the  work  of  parasites,  which  both  are  doing  their  work  recently. 

ARMY  WORM. 

During  a  recent  visit  to  the  noi*thwestern  portions  of  this  State  and  adjoining 
portions  of  Dakota  and  Wyoming,  several  cases  of  injury  by  the  *' Army- worm  * 
{Leucania  ujiipmicta)  were  brought  to  my  notice.  Ck)ncerning  these  I  wrote  you 
in  my  last  report  for  that  trip  a  short  time  ago. 

WILLOW  SAW-FLY. 

Unless  some  disease  or  insect  enemy  soon  appears  in  sufficient  strength  to  diminisli 
the  large  Willow  Saw-fly  {Cinibex  americana)  it  will  completely  destroy  our  heilges 
of  white  willow  that  grow  upon  the  more  elevated  prairies.  The  enemy  must  nt*c- 
essarily  be  "  natural "  for  the  farmers  will  not  look  to  the  matter  themselves.  This 
year  again  the  large  slug-like  larvaa  of  this  insect  appeared  in  even  greater  numbers 
than  on  previous  occasions,  and  over  much  more  extended  areas.  In  some  instances 
the-  Wild  Willows  also  suffered  when  growing  isolated  and  upon  rather  high  grovmd. 
Several  farmers  followed  my  instructions  and  cleared  away  the  debris  along  their 
hedges  last  fall,  and  burned  it ,  and  in  that  way  destroyed  the  pupaa.  Where  these 
were  isolated  from  other  infested  hedges  the  remedy  was  quite  apparent,  but  where 
other  pupae  were  close  at  liand  the  work  done  made  no  perceptiole  diminution  in 
the  number  of  larvae  present. 

COTTONWOOD  LEAF-BEBTLE. 

The  **  Cottonwood  Leaf -beetle  "  (Plagiodera  scripta)  was  again  present  in  injur- 
ious numbers  in  some  localities  this  summer.  The  damage  caused  by  it  was  much 
less  noticeable  than  during  previous  yeai*s  owing  to  the  greater  rain-fall  and  conse- 
quent more  luxuriant  growth  of  the  tree  infested.  In  our  frontier  counties  where 
*'  tree  claims"  form  a  lar^e  per  cent,  of  the  cultivated  area,  and  the  timber  growth 
is  limited  and  small,  this  msect  has  been  more  or  less  destructive  to  the  young  trees 
planted.  In  some  instances  an  entire  replacement  of  trees  twice  over  was  neces- 
sitated. 

BOX-ELDER  PLANT-LOUSE. 

During  early  June  and  up  to  the  20th  of  fhe  month  the  Box-elder  trees  growing 
along  the  streets  and  in  other  localities,  over  a  considerable  portion  of  eastern  Ne- 
braska, were  much  infested  with  large  niunbers  of  Chaitopnorus  negundinis.  In 
some  instances  the  trees  were  so  completely  covered  by  them  as  to  almost  entirely 
occupy  the  green  portions.  A  little  later,  the  natural  enemies  succeeded  in  gaining 
mastery  over  them,  so  that  now  (September  15)  but  few  remain  and  the  trees  have 
regained  their  usual  healthv  appearance.  This  louse  is  preyed  upon  by  the  same 
enemies  that  usually  attack  above-ground-feeding  Aphids.  They  are  Coccinellids, 
Lace-wings,  and  Syrphids. 

MAPLE-TREE  CATERPILLARS. 

The  soft  maples  of  Lincoln,  Nebr.,  were  attacked  by  myriads  of  thelarvsa  of  Ani- 
8ota  rubicunaa  during  the  month  of  August.  At  present  there  are  many  trees 
that  are  completely  stripped  of  all  semblance  of  leaves — the  mid-ribs  alone  remain- 
ing— in  some  cases.  Box-elders  also  have  been  attacked  to  a  very  limited  degree 
bj^  the  same  insect.  In  connection  with  the  distribution  of  these  larvae  over  the 
city,  I  noticed  that  the  outside  electric  Uehts  appear  to  act  as  a  prime  factor. 
On  the  capitol  grounds,  comprising  four  Wocks,  where  there  are  two  strong  arc 
lights,  one  at  each  end,  but  few  worms  occur.  Beyond,  about  a  block  in  a  circular 
form,  the  trees  are  stripped  for  a  radius  of  about  two  b)pcks  more,  and  still  further 
beyond  the  nimibers  diminish  as  the  distance  increases.  In  the  country  beyond  the 
worms  are  met  with  only  oc<;asionally.  The  side  away  from  the  light  of  the  busi- 
ness part  of  the  city  is  most  infested. 

Feeding  in  company  with  the  above  there  are  quite  a  number  of  other  larvae  of 
different  species,  but  chiefly  Acronyctas  and  Gteometrids.  The  cottonwood  and  ash 
trees  also  have  their  quota  of  caterpillar  enemies  here  in  the  city  this  year,  but  in 
much  fewer  numbers  than  those  feeding  on  the  maples.  All  of  them  appear  to 
have  been  drawn  to  the  city  from  the  suroimding  country  by  the  electric  hghts. 
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CORN-ROOT  WORM. 

The  larva  of  Diabrotica  longicomis  has  been  present  as  a  pest  in  several  of  the 
counties  of  eastern  Nebraska  and  western  Iowa  during  the  summer.  Early  in  Au- 
gust itspresence  was  observed  at  different  localities,  and  specimens  forwarded  to 
you  at  Washington,  by  correspondents  other  than  myself — I  being  away  from  home 
at  the  time,  and  the  insect  not  present  in  injurious  numbers  in  the  vicinity  of  West 
Point.  Some  few  instances  of  a  total  destruction  of  an  acre  or  two  of  com  by  its 
ravages  are  the  extent  of  the  depredations  caused  by  this  insect. 

Taking  the  summer  as  a  whole,  when  compared  with  other  years,  insect  depreda- 
tions were  rather  light,  and  the  depredators  comimratively  few.  The  Cliincn  Bug 
only  appeared  in  a  very  few  localities  in  sufficient  ntunbers  to  damage  small  grain, 
and  later  in  the  season  were  prevented  by  the  copious  rains  from  injuring  the  com 
crop.  Cut- worms,  it  is  true,  troubled  some  in  spring,  especially  upon  sandy  soil,  but 
not  more  than  ordinarily,  taking  the  State  over. 

Locusts  were  only  present  in  injurious  numbers  at  one  or  two  points,  and  these 
were  confined  to  the  "  native''  species.  In  the  city  of  Lincoln  and  adjoining,  the 
large  yellow  locust  {Mdaiwplus  differentialis}  did  a  little  damage  to  flowers,  trees, 
shrubs,  and  garden  truck. 

Having  reported  the  various  insect  injiu*ies  that  came  to  my  notice  from  time  to 
time  as  tney  occurred^  I  do  not  think  it  necessary  to  repeat  the  same  here.    Suffice 
it  to  state  that  we  do  not  apprehend  any  great  damage  next  year  from  any  particular 
species  that  affects  crops. 
Very  truly,  yours, 

Lawrence  Bruner. 
Prof.  C.  V.  Riley, 

U,  S,  Entomologist y  Washington^  D,  C* 


EXPERIMENTS  ON  THE  BOLL  WOEM  INJUEINe  TOMATOES. 

By  S.  M.  Tracy,  Temporary  Agent, 

LETTER  OP  SUBMITTAL. 

Agricultural  College,  Miss.,  September  18,  1888. 

Sir  :  I  have  the  honor  to  make  the  f  oUowing  report  of  an  attempt  made  under 
your  instructions  to  devise  some  practical  method  for  the  destruction  of  the  Tomato 
w  orm  (Heliothis  armigera), 

S.  M.  Tracy. 

Prof.  C.  V.  Riley, 

United  States  Entomologist, 


On  May  21  I  was  informed  that  the  worms  had  made  their  appearance  in  con- 
siderable numbers  at  Crystal  Springs,  Miss. ,  and  I  at  once  proceeded  to  that  point 
to  commence  operations  in  testmg  the  efficiency  of  different  insecticides.  Mr.  N.  L. 
Fulgham  placed  at  my  disposal  a  large  field  of  plants  on  which  the  worms  were 
abundant. 

Tests  were  made  with  Paris  green,  London  piuple,  peroxide  of  silicates,  pyre- 
thrum,  and  kerosene. 

All  excepting  the  kerosene  were  dusted  over  the  plants  at  the  rate  of  one  pound 
per  acre,  using  a  Woodason  bellows,  so  that  the  powder  could  be  made  to  reach  the 
under  side  of  the  leaves,  and  special  care  was  taken  that  the  unripe  fruit  should 
receive  a  fair  share  of  the  application.  Paris  green  and  London  purple  were  also 
applied  suspended  in  water,  at  the  rates  of  40,  50,  and  60  gallons  of  water  to  1 
pound  of  the  poison,  a  No.  3  Nixon  nozzle  being  attached  to  the  force-pump  used 
for  their  distribution.  Two  forms  of  kerosene  emulsion  were  used,  one  being  the 
ordinary  form  made  by  churning  together  four  pounds  of  soap,one  gallon  of  water, 
and  two  gallons  of  kerosene ;  the  other  was  made  in  the  sanie  manner  excepting 
that  one-half  pint  of  spirits  of  turpentine  was  added  to  the  mixture  before  churn- 
ing. Tlie  latter  mixture  gave  an  emulsion  with  much  less  labor,  and  one  which 
was  entirely  stable.  These  emulsions  were  each  diluted  with  twenty-five,  forty, 
fifty,  and  sixty  parts  of  water  to  one  of  the  emulsion.  The  emulsions  were  all 
applied  with  a  force-pump  having  a  No.  2  Nixon  nozzle.    A  sufficient  amount  of 
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the  emulsion  was  applied  to  thoroughlv  moisten  the  leaves.  Applications  of  all  the 
preparations  were  made  upon  two  blocks,  in  one  of  wliich  the  fruit  was  just  beflpin- 
ning  to  ripen,  while  on  the  other  a  few  of  the  fruits  were  nearly  full  grown, l)ut 
the  majority  were  small.  In  all  cases  a  block  of  untreated  plants  was  left  on  each 
side  of  the  treated  blocks,  so  that  the  effects  of  the  treatment  might  be  more  readily 
obeerved.  Each  block  contained  about  one  hundred  plants,  and  all  applications 
were  made  in  duplicate  upon  widely  separated  blocks.  The  results  were  as  follows: 

Peroxide  of  Silicates. — No  effect. 

Paris  Great,  dry,  and  in  suspension  in  40  and  in  50  gallons  of  water  to  1  pound  of 
poison,  apparently  killed  fully  one-half  the  yotmg  worms,  but  a  large  number  es- 
cai^ed.    The  mixture  in  60  gallons  of  water  accomplished  but  little. 

Lo7idon  Purple  in  suspension  produced  somewhat  more  marked  effects  than  did  the 
Paris  green,  but  was  less  effective  when  applied  dry. 

Kerosene  Emulsions » — Theee  were  much  more  effective  than  were  any  others  of 
the  ampHcations  made.  When  the  emulsions  were  diluted  with  twentr-nve,  forty, 
and  nrty  parts  of  water,  nearly  every  worm  and  egg  on  the  treated  plants  was  de- 
stroyed ;  when  sixty  parts  of  water  were  used,  a  few,  perhaps  one-fourth,  escaped. 
When  twenty-five  parts  of  water  were  used  in  the  emulsion  without  turpentine  a 
few  of  the  very  yoim^g  leaves  were  injured,  but  the  damage  was  so  slight  as  to  be 
ScabTcely  appreciable.  For  several  days  after  makinj^  the  applications  ttie  weather 
was  cloudy,  so  that  appUcations  which  might  otherwise  have  scalded  the  leaves  were 
harmless. 

Pyrethrum  produced  no  effect  except  to  kill  the  few  worms  with  which  it  came 
in  contact  very  soon  after  its  apphcation. 

From  the  fact  that  the  worm  enters  the  fruit  very  soon  after  hatching  it  is  impos- 
sible to  ascertain  the  exact  proportion  which  was  killed,  and  the  estimates  given 
above  were  based  on  the  numbers  of  young  worms  found  in  the  fruits  after  the  ap- 
pUcations had  been  made,  as  compared  with  the  numbers  found  in  adjoining  un- 
treated blocks. 

Trapping  the  moths  by  means  of  lights  placed  in  dishes  of  sweetened  water  was 
attempted,  but  with  the  usual  result  that  only  males  and  a  few  aged  females  were 
taken.  - 

About  June  1  the  worms  made  their  appearance  about  Starkville,  and  the  work 
was  continued  there.  This  was  practically  a  repetition  of  that  already  done  at 
Crystal  Springs,  and  the  results  were  so  nearly  the  same  that  the  details  need  not  be 
given. 

Fruit  was  taken  from  plants  which  had  been  sprayed  with  Paris  green  one  week 
after  spraying,  and  a  careful  chemical  analysis  of  the  water  in  which  it  was  washed 
showea  no  trace  of  either  arsenic  or  copper. 

During  the  entire  time  the  worms  were  found  on  the  tomatoes  the  weather  was 
very  rainy,  and  so  made  the  work  unsatisfactory,  and  in  some  cases  it  was  impossi- 
ble to  say  whether  the  worms  had  been  killed  by  the  applications  or  were  washed 
off  by  the  rain.  As  a  result  of  the  work  as  a  whole,  I  feel  quite  sure  that  thorough 
applications  of  Paris  green  will  be  found  effective,  and  that  these  applications  will 
have  no  injurious  effect  upon  the  fruit.  From  kerosene  emulsions,  diluted  to  one 
part  in  forty  and  used  thoroughly  and  persistently,  still  better  results  will  be  bad, 
but  the  applications  must  be  made  as  often  as  once  a  week.  The  first  application 
may  be  made  very  easily  and  quickly  just  before  the  plants  are  taken  from  the  cold- 
frame. 
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EXPLANATION  TO  PLATES  TO  REPORT  OF  ENTOMOLOGIST. 

Where  figures  are  enlarged  tJie  natural  sizes  are  indicated  in  hair-lines  at  side,  un- 
less already  indicated  in  some  other  way  on  the  plate* 


EXPLANATION  TO  PLATE  I. 

THE  PLUM  CURCULIO. 
(Original.) 

Fio.  1. — Full-grown  larva— greatly  enlarged. 

Fio.  2. — I*upa»  ventral  view—  greatly  enlarged. 

Fio.  8. — Same,  dorual  view— greatly  enlarged, 

Fio.  4. — Adult,  from  side— greatly  enlarged. 

Fio.  6.— Adult,  dorsal  view— greatly  enlarged. 

Fio.  6.— Adults  on  plum  twig  in  spring,  eating- 
natural  size. 

Fio.  7. — Cherries,  showing  work  of  larva^natural 
size. 

Fio.  8. — Young  plums,  showing  crescent  marlc 
made  in  ovlposition,  and  also  irregular 
holes  made  by  the  adults  while  feed- 
ing — natiu*al  size. 


EXPLANATION  TO  PLATE  IL 

THE  HOP  PLANT-LOUSE. 
(Original.)  • 

Fio.  1  .—Plum  twig,  showing  winter  eggs— natural 
size. 

Fio.  2.— First  generation  on  plum,  or  "stem- 
mother  "—greatly  enlarged. 

Fio.  2a.— Portion  of  head  and  base  of  antenna  of 
same— still  more  enlarged. 

Fio.  3.— Second  parthenogenetic  female  genera- 
tion—greatly enlarged. 

Fio.  8a.— He€ul  and  base  of  antenna)  of  same- 
still  more  enlarged. 

Fio.  4.— Third  generation,  "winged migrant, "the 
"  Pseudogyne  "—greatly  enlarged. 

Fio.  ia.— The  same,  head  and  base  of  antennae- 
still  more  enlarged. 

Fio.  5.— The  same,  side  view— greatly  enlarged. 

Fio.  6.— The  same,  pupa— greatly  enlarged. 

Fio.  6a.— Head  and  base  of  antennae  of  pupa- 
still  more  enlarged. 


EXPLANATION  TO  PLATE  IH. 

THE  HOP  PLANT-LOUSE. 
(Original.) 

Fig.  1.— Hop  leaf  with  lice  as  they  appear  natur- 
ally— natural  size. 

Fio.  2.— Fourth  generation,  the  first  on  hop, 
shown  in  the  act  of  crawling — greatly 
enlarged. 

Fio.2a.--Ba.se  of  antennoo  of  same— still  more 
enlarged. 

Fig.  3.-  Same,  with  nntomire  thrown  back  as  in 
n'st    ^rn'utly  «*nlarfi:e<i. 

Fig.  1.  — WinftTt'd  return  migrant  or  pupifera,  with 
wings  eximnded— greatly  enlarged. 


Fio.  4a.— Haad  and  base  of  antennae  of  same- 
still  more  enlarged. 

Fio.  6.— Pupa  of  "return  migrant"— greatly  en- 
larged. 

Fio.  6a.— Head  and  base  of  antennae  of  same- 
still  more  enlarged. 

EXPLANATION  TQ  PLATE  IV. 

•THE  HOP  PLANT-LOUSE. 

(Original.) 

Fio.  li^^-StxtHgenenitioti,  oonoAlparthenogtmette 
female-  grpatiy  enlarged. 

Fio.  la.-  Head  and  base  of  antenna  of  same- 
still  more  enlarged. 

Fio.  2.— Wingedf  male,  with  wings  expanded— 
greatly  enlarged. 

Fio.  8.— Pupa  of  same— greatly  enlarged. 

Fio.  4.— OraTld  sexual  female,  showing  eggs 
through  8ldn->greatly  enlarged. 

Fio.  6.— Young  sexual  female— greatly  enlaiged. 

Fio.  G.— Shrunken  f^toale  in  act  of  ovipositing, 
showing  winter  eggs  when  fresh  laid— 
greatly  enlarged. 

EXPLANATION  TO  PLATE  V. 

SILK-CULTURE  APPARATUS. 
(Orighial.) 

Fio.  1.— Apparatus  for  washing  silk-worm  eggs— 
greatly  reduced. 

Fio.  2.— Appcuatu^  for  conditioning  cocoons— re- 
duced. 

EXPLANATION  TO  PLATE  VI. 

SnJC-CJULTURE  APPARATUS. 

(Original,  except  Fig.  2.) 

Fio.  1.— Caliper  for  measuring  cocoons— reduced. 

Fig.  2.— The  blanc  cocoon  volumeter— reduced 
(from  third  report  Lyons  Silk  Labora- 
tory). 

Fig.  3.— Electric  stop-method  for  testing  reel. 

EXPLANATION  TO  PLATE  VH. 
(Engraved  from  photograph.) 
Apparatus  for  spraying  hop  yards. 

EXPLANATION  TO  PLATE  Vm. 

(Engraved  from  photograph.) 
Tent  for  propagating  imported  parasites. 
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EXPIANATION  TO  PLATE  IX. 

ENEMIES  OF  ICERYA. 
(Original.) 

Fig.  1.  Eiitedon  coquillettii:  a,  antennee;  6, 
mouth  parts;  c,  fore  leg;  d,  middle  leg; 
c,  hind  leg ;  /,  wings ;  gr,  suhmarginal 
vein  of  fore?  wing;  i,  abdomen — all 
greatly  enlarged. 

Fig.  2.  -Ew-yischia  ie«fop/ioni— greatly  enlarged. 

Fio.  ?.-TJioron  opacus:  a,  antennae;  6,  fore  leg; 
c,  middle  leg;  d,  hind  leg;  c,  part  of 
fore  leg;  /,  abdomen;  g,  wings;  h,  hooks 
of  hind  wings-^all  greatly  enlarged. 

EXPLANATION  TO  PLATE  X. 

ENEMIES  OF  ICERYA. 

Fio.  \.—Encyrtu8  du6tt«— enlarged  (original). 

Fio.  2.—Piemn<i  cinerca— enlarged  (after  Riley). 

Fig.  S.—Coccop?iagu»  ctUifomictu  —  enlarged 
(original). 

Fig.  4.—Piezo8tethtL8  cdUfomicus  —  enlarged 
(original). 

Fig.  H.—Lyctocoris  ca»ipe«(rit--enlarged  (orig- 
inal). 

Fig.  C.—2Preniocoi-i«*ropMJU*— enlarged  (original). 

Fjq.  7._AustralianLady-bird— enlarged(orlglnal). 

Fig.  S.—Rodolia  tccryc&— enlarged  (original). 

« 

EXPLANATION  TO  PLATE  XI. 

Fig.  1.— C/tttocoriM  cacti:  a,  larva;  6,  pupa;  c, 
adult— enlarged  (after  Comstock). 


Fig.  2.—Le3tophonus  icei-ycR  —  enlarged  (orig- 
inal). 

Fig.  Z.—Alaptu8  tccryoB— enlarged  (original). 

Fig.  4.— Hook  used  in  boiling  off  cocoons  (orig- 
inal). 

EXPLANATION  TO  PLATE  XII. 

NATURAL   ENEMIES  OF  THE  PLUM   CUR- 

CULIO. 

(Figures  all  after  Riley.) 

Fig.  l.—Chryaopaplordbunda  .'  a,  eggs;  6,  larva; 
c,  cocoon;  d,  adult— all  enlarged. 

Fig.  2.—C?iaiUiognathu8penn8ylvanicu3:  a,larva, 
full-grown— natural  size;  6,  c,  d,  c,  /,  flr, 
hs  head  parts— enlarged;  t,  adult  bee- 
tle— natural  size. 

Fig.  S.—Harpaltut  pennsylvanicvt :  a,  anterior 
tarsus  and  part  of  tibia  showing  notch- 
enlarged;  6,  beetle— slightly  enlarged. 

Fig.  i.—Harpaluisp.ipennsylvanicus  f):  A,  larva 
—natural  size;  B,  under  side  of  head 
showing  parts  at  c,  «,  /,  gf— enlarged;  ^i, 
t,  j\  imder  side  of  different  joints  of 
body— natural  size. 

Fig.  5.—A8pidoglo88a  «u6anfiruto<a— enlarged. 

Fia.  O.—ThersilochuB conotrcictieli :  a,  female;  6, 
male;  c,  antenna— aU  enlarged. 

YiQ.T.—Sigalphur  curculionis:  a,  male;  6,  fe- 
male; c,  antenna— all  enlarged. 

Fig.  S.Sigalphus  curctdionis :  a,  larva;  b,  silken 
cocoon;  c,  pupa — all  enlarged.  . 
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Plate  V. 


Fig.  ].— Egg-washer. 
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Fig.  2. — Conditioning  Apparatus. 


Silk  Culture  Apparatus. 
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Silk  Culture  apparatus. 
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REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  ANIMAL 

INDUSTRY. 


Sir:  I  have  the  honor  to  transmit  herewith  my  report,  which  con- 
tains a  statement  of  the  more  important  work  accomplished  by  the 
Bureau  of  Animal  Industry  during  the  year  1888.  For  many  inter- 
esting details  of  this  work  accomplished  during  the  year  1  must 
refer  you  to  the  Fourth  Annual  Report  of  the  bureau  of  Animal 
Industry. 

V  ery  respectfully, 

D.  E.  Salmon, 
Chief  of  the  Bureau  of  Animol^Industry, 

Hon.  Norman  J.  Colman, 

Commissioner  of  Agricitlture. 


OPERATIONS  OF  THE  BUREAU. 

The  year  1888  has  been  one  of  great  activity  in  all  branches  of  the 
work  of  this  Bureau.  A  strict  quarantine  has  been  maintained  in 
all  the  districts  affected  with  pleuro-pneumonia;  diseased  and  ex- 
posed animals  l>avo  been  promptly  slaughtered,  and  contaminated 
premises  have  been  disinfected.  Investigations  have  been  made  of 
many  outbreaks  of  disease  among  .all  the  species  of  domesticated  an- 
imals, and  particular  attention  has  been  given  to  the  scientific  study 
of  such  epizootic  diseases  as  hog  cholera,  swine  plague,  glanders, 
southern  cattle  fever,  tuberculosis,  and  various  maladies  caused  by 
animal  parasites.  In  addition  to  this  an  inquiry  has  been  commenced 
in  regard  to  the  number  and  value  of  thorough-bred  animals,  the 
characters  of  the  different  breeds  and  their  grades,  and  the  degree  in 
which  they  answer  the  market  requirements  of  the  present  day;  also 
in  regard  to  the  condition  and  means  of  improving  special  industries, 
sheep  husbandry  having  been  selected  for  first  consideration,  to  be 
followed  by  horse-breeding,  dairying,  hog-raising,  etc. 

PLEURO-PNEUMONIA. 

The  chief  work  of  this  Bureau  for  the  year  has  been  Ine  continued 
effort  to  secure  the  eradication  of  the  contagious  pleuro-pneumonia 
or  lung  plague  of  cattle.  Since  my  last  report  was  made  the  opera- 
tions have  been  extended  to  all  the  infected  districts,  and  as  the  new 
territory  covered  embraces  those  sections  of  Long  Island  where  the 
disease  nas  longest  existed,  where  large  numbers  of  cattle  are  kept, 
and  where,  consequently,  the  contagion  was  most  thoroughly  dis- 
seminated, the  work  done  and  the  expenditures  required  have  been 
correspondingly  heavy. 
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The  progress  made  during  the  year  has  been  very  encouraging. 
No  cases  of  pleuro-pneumonia  have  been  found  west  of  the  Alle- 
ghany Mountains  since  the  date  of  my  last  report.  A  supervision 
of  the  infected  district  in  Cook  County,  111.,  was  maintained  until 
April  1,  1888,  and  as  no  further  cases  of  the  plague  developed,  all 
quarantine  restrictions  were  then  removed.  Investigations  have 
been  made  of  all  outbreaks  of  cattle  disease  in  the  Western  States 
which  were  reported  to  the  Department  with  any  of  the  characteris- 
tics of  lung  plague,  and  it  is  gratifying  to  be  able  to  state  that  in  no 
case  has  this  disease  been  found  in  that  section. 

Much  apprehension  was  expressed  a  year  ago  by  those  interested 
in  this  subject  in  regard  to  the  danger  of  the  plague  spreading  from 
the  State  of  Pennsylvania.  The  Department  had  not  been  able  to 
reach  any  satisfactory  terms  of  co-operation  with  the  State  authori- 
ties, and  exaggerated  rumors  of  the  existence  of  lung  plague  there 
were  almost  continually  in  circulation.  Repeated  efforts  were  made 
to  secure  co-operation,  and  I  am  glad  to  be  able  to  state  that  these 
were  finally  successful.  The.  only  district  in  Pennsylvania  where 
there  was  good  reason  to  suspect  tne  existence  of  pleuro-pneumonia 
was  in  the  city  of  Philadelphia  and  its  suburbs.  All  that  district 
embraced  within  a  radius  of  8  miles  from  the  city  hall  was  placed  in 
quarantine  by  a  proclamation  of  the  governor ;  the  cattle  were  in- 
spected ;  a  numbered  tag  was  placed  in  the  ear  of  each  one  ;  all  ani- 
mals were  recorded  upon  the  books  of  the  Bureau  ;  none  were  allowed 
to  be  moved  upon  the  highways  without  a  permit ;  all  incoming  ani- 
mals were  inspected,  and,  in  gelieral,  all  the  regulations  were  en- 
forced which  nave  been  found  necessary  to  secure  the  eradication  of 
this  malady  in  other  places.  The  quarantine  there  will  bo  discon- 
tinued on  December  15,  by  order  of  the  governor,  but  veterinary 
supervision  will  be  maintained.  Some  herds  were  found  in  the 
Philadelphia  district  affected  with  pleuro-pneumonia,  though  not  as 
many  as  was  anticipated.  The  details  of  this  work  will  be  found 
below. 

While  no  new  outbreaks  of  the  disease  have  been  discovered  out- 
side of  the  known  infected  States,  with  the  single  exception  of  one 
in  Virginia,  a  few  have  been  found  in  previously  uninfected  regions 
within  those  States.  By  far  the  most  serious  of  these  is  one  recently 
discovered  and  now  in  progress  in  Orange  County,  N.  Y.  It  seems 
probable  that  the  plague  had  existed  there  for  more  than  a  year  and 
had  been  concealed  by  interested  parties.  It  will  probably  not  be 
very  difficult  to  exterminate  the  contagion  from  that  section,  though 
this  expense  was  not  anticipated  and  will  be  quite  heavy.  Already 
the  number  of  diseased  ana  exposed  animals  found  is  "between  400 
and  500,  and  it  will  doubtless  "Be  considerably  increased.  An  effort 
is  being  made  to  trace  the  introduction  of  the  contagion,  and  to  learn 
by  what  means  it  occurred.  It  seems  probable,  however,  that  the 
affected  animals  were  taken  there  before  the  numbering  and  register- 
ing of  the  cattle  in  the  old  infected  districts  was  accomplished. 

New  infections  are  becoming  less  numerous  as  the  disease  is  less 
prevalent  in  the  infected  centers,  and  there  is  good  reason  to  believe 
that  if  the  quarantine  restrictions  can  be  maintained  a  sufficient  time 
they  will  cease  entirely.  Unfortunately,  as  the  contagion  becomes 
less  prevalent,  the  necessity  for  these  restrictions  is  not  so  apparent, 
and  there  is  a  more  general  disposition  on  the  part  of  the  people  to 
disregard  them,  a  disposition  which  is  encouraged  by  the  failure  of 
local  authorities  to  vigorously  prosecute  and  convict  offenders. 
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THE  WORK  IN  NEW  YORK. 

At  the  time  the  last  report  on  this  subject  was  submitted  a  force 
was  being  organized  to  inspect,  tag,  and  register  all  the  cattle  and 
maintain  quarantine  restrictions  in  the  old  infected  district  of  New 
York,  that  is,  in  the  counties  of  Westchester,  New  York,  Richmond, 
Kings,  and  (Queens.  The  task  was  one  of  great  magnitude  and  has 
been  beset  with  many  unexpected  difficulties.  In  the  first  test  case 
that  came  before  the  courts  the  governor's  proclamation  was  decided 
to  be  invalid,  because  he  had  not  designated  the  infected  district,  but 
had  left  it  to  the  Chief  of  the  Bureau  of  Animal  Industrv  to  designate 
and  advertise  such  districts  as  might  be  discovered.  The  court  held 
that  the  governor  could  not  delegate  this  authority. 

It  was  also  discovered  by  the  officers  of  this  Bureau  that  the  State 
law  under  which  the  governor's  proclamation  was  issued  gave  insuf- 
ficient authoritv  for  the  necessary  regulations,  since  it  did  not  apply 
to  exposed  herds.  Theso  facts  were  laid  before  the  legislature,  ana, 
although  the  session  was  drawing  to  a  close  and  it  was  difficult  to 
obtain  action  on  new  subjects,  this  matter  was  deemed  of  such  im- 
portance that  it  received  favorable  consideration,  and  an  amend- 
ment was  passed  which  removed  the  defects  in  the  statutes.  Fol- 
lowing this,  a  new  proclamation  was  issued  by  the  governor,  and 
from  that  time  the  regulations  have  been  strictly  enforced.  In  some 
districts  it  has  been  necessary  to  cause  manjr  arrests  to  be  made  be- 
fore the  ])eoT)]e  would  respect  the  law,  but  since  they  have  become 
convinced  tnat  a  determined  effort  is  being  made  to  eradicate  the 
disease  tliere  has  been  less  occasion  for  harsh  measures. 

The  progress  made  in  extirpating  pleuro-pneumonia  from  this 
long-intected  district  has  been  very  marked.  Two  of  the  counties, 
Westchester  and  Richmond,  hav^  been  entirely  freed  from  the  con- 
tagion. So  long  a  period  has  elapsed  since  any  cases  were  discovered 
in  these  counties  that  Governor  Hill,  on  the  recommendation  of  the 
Chief  of  the  Bureau  of  Animal  Industry,  has  recently  issued  an  order 
removing  quarantine  rcstric'tions. 

The  complete  success  of  the  work  over  the  large  territory  embraced 
in  these  two  counties  witliin  so  short  a  time  is  very  gratifying,  and 
demonstrates  the  correctness  of  the  plan  adopted. 

In  the  city  and  county  of  New  York  the  progress  has  also  been 
very  satisfactory.  There  are  here  but  a  very  lew  herds  in  which  the 
disease  is  known  to  exist,  and  these  are  being  rapidly  disposed  of. 
By  far  the  heaviest  work  in  this  county  has  been  done,  although  it 
will  be  necessary,  on  account  of  the  proportions  of  the  trade  and  of 
its  being  a  central  market,  to  keep  up  a  supervision  until  all  parts 
of  the  State  are  free  from  the  contagion. 

The  disease  was  found  much  more  prevalent  and  more  generally 
distributed  in  Kings  and  Queens  Counties,  on  Long  Island,  than 
elsewhere.  Here  there  has  been  a  continual  struggle  during  the 
whole  year  to  hold  it  under  control.  Much  progress  nas  been  made 
and  the  number  of  infected  herds  greatly  reduced,  but  there  is  still 
a  large  amount  of  work  before  us. 

There  lias  been  more  disease  found  during  the  year  than  was  an- 
ticipated at  the  time  the  preceding  report  was  written.  Partly  for 
this  reason,  and  partly  on  account  of  the  exhaustion  of  the  appro- 
priation for  the  year  ending  June  30,  1888,  about  six  weeks  before 
the  end  of  the  year,  the  results  of  the  year's  work  have  not  quite 
reached  our  expectations.    For  nearly  two  months  all  active  work 
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ceased  and  the  force  was  reduced  to  such  an  extent  that  only  a  mere 
supervision  of  the  movement  of  cattle  could  be  maintained.  This 
unfortunate  relaxation  allowed  the  plague  to  develop  and  has  in- 
creased the  total  amount  of  work  to  be  accomplished  to  a  marked 
degree.  Since  we  now  have  the  whole  infected  district  in  charge, 
the  expenditures  can  be  foreseen  with  suflBcient  exactness  to  prevent 
such  an  occurrence  happening  again,  unless  there  should  be  new 
outbreaks  of  greater  dimensions  than  have  been  discovered  in  the 
past. 

A  recently  discovered  outbreak  is  now  in  progress  in  Orange 
County,  which  is  serious  in  its  extent  and  will  require  several  months 
for  its  complete  suppression.  Our  investigations  indicated  that  the 
contagion  was  taken  there  from  the  city  of  New  York  before  the 
quarantine  regulations  were  established,  and  it  has  since  been  con- 
cealed by  interested  parties.  The  infected  district  is  now  believed  to 
be  marked  out  and  under  control,  and  there  is  no  reason  to  doubt  the 
early  success  of  the  measures  which  have  been  applied.  This  out- 
break will  make  an  unexpected  increase  of  the  expenditures,  but 
probably  will  not  delay  the  work  in  the  old  infected  districts  of  the 
States. 

From  January  1  to  November  30,  1888,  there  were  inspected  in 
New  York  12,333  herds,  containing  99,726  head  of  cattle.  Of  this 
number  62,184  were  re-examined  by  deputies  in  addition  to  the  profes- 
sional inspections,  and  100,370  were  tagged  with  numbers  and  regis- 
tered upon  the  books  of  the  Bureau. 

There  were  323  new  herds  found  affected  with  pleuro-pneumonia 
during  the  year,  and  these  herds  contained  4,647  animals,  691  of 
which  were  pronounced  diseased  when  the  inspection  was  made. 
There  were  purchased  for  slaughter  during  the  same  time  1,576  af- 
fected cattle,  at  a  cost  of  $40,976.53,  an  average  of  $26  per  head;  also 
3,196  exposed  cattle  at  a  cost  of  $72,410.50,  an  average  of  $22.65  per 
head.  The  smaller  cost  of  the  exposed  cattle  as  comj)ared  with  the 
affected  ones  is  due  to  the  fact  that  the  amount  which  the  owner 
realized  for  the  carcasses  was  deducted  from  the  appraised  value,  the 
Department  paying  the  balance. 

It  has  been  found  necessary  to  disinfect  1,339  stables,  stock-yards, 
or  other  premises  during  the  year,  and  also  to  make  posUinorteni  ex- 
aminations upon  the  carcasses  of  15,538  bovine  animals,  of  which 
2,287  were  found  diseased  with  pleuro-pneumonia. 
•  The  total  expenses  in  New  York  from  January  1  to  November  30, 
1888,  have  been  $250,779.47,  of  which  $113,387.03  was  paid  for  cattle 
purchased  for  slaughter  as  either  diseased  or  exposed.  The  remain- 
der constitutes  the  expense  for  disinfection,  inspection,  tagging,  reg- 
istering, supervising  the  movement  of  cattle,  post-mortem  examina- 
tions, and  all  the  various  expenses  incident  to  a  work  of  this  char- 
acter. 

THE  WORK  IN  NEW  JERSEY. 

In  this  State  the  work  of  the  Bureau  is  not  recognized  by  legisla- 
tive enactment  as  clearly  as  is  desirable.  There  has  been  constant 
co-operation  with  the  State  Board  of  Health,  through  its  secretary, 
Dr.  E.  M.  Hunt,  and  the  inspectors  have  been  given  commissions  as 
agents  of  this  board.  In  this  way  it  has  been  possible  to  avail  our- 
sSves  of  the  local  statutes  and  to  accomplish  what  otherwise  would 
have  been  impossible. 

At  the  time  my  previous  report  was  written  a  force  was  being  or- 
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ganized  and  details  of  regulations  were  being  perfected  for  quaran- 
tining Hudson  County  and  maintaining  complete  control  of  the  move- 
ment of  cattle  in  that  county,  and  particularly  in  Jersey  City.  This 
county,  owing  to  its  proximity  to  New  York,  and  the  fact  that  its 
milch  cows  were  to  a  large  degree  purchased  in  the  New  York  mar- 
ket, had  long  been  thoroughly  infected. 

The  enforcement  of  the  regulations  in  New  Jersey,  as  in  other 
States,  has  been  followed  by  very  gratifying  results.  There  have 
been  a  number  of  outbreaks  in  the  interior,  but  these  in  all  cases 
have  been  promptly  sux^pressed.  By  far  the  greater  part  of  the  work 
has  been  performed  in  Hudson  County,  which  is  now,  so  far  as  known, 
the  only  infected  center. 

From  January  1  to  November  30, 1888,  there  were  inspected  in  New 
Jersey  8,018  herds,  containing  72,095  head  of  cattle.  Of  this  number 
20,413  were  re-examined  by  deputies,  in  addition  to  the  professional 
inspections,  and  13,318  were  tagged  with  numbers  and  registered  upon 
the  books  of  the  Bureau. 

There  were  210  new  herds  found  affected  with  pleuro-pneumonia 
during  the  year,  and  these  herds  contained  2,508  animals,  581  of 
which  were  pronounced  diseased  when  the  inspection  was  made.  There 
were  purchased  for  slaughter  during  the  same  time  502  affected  cat- 
tle, at  a  cost  of  S12,32o.50,  an  average  of  $24.55  per  head  ;  also  945 
exposed  cattle,  at  a  cost  of  S25, 512. 50,  an  average  of  S27. 10.  The  higher 
average  cost  of  exposed  catile  in  New  Jersey  as  compared  with  New 
York  is  due  to  the  greater  difficulty  of  disj)osing  of  the  carcasses  of 
such  animals,  and  the  smaller  amounts  which ^  tor  that  reason,  were 
realized. 

It  has  been  found  necessary  to  disinfect  275  stables,  stock-yards, 
and  other  premises,  and  also  to  make 2:>osf 'mortem  examinations  upon 
the  carcasses  of  6,84G  bovine  animals,  of  which  514  were  found  dis- 
eased with  pleuro-pneumonia. 

The  total  expenses  in  New  Jersey,  from  January  1  to  November 
30,  1888,  have  been  $85,111.60,  of  which  $37,838  was  paid  for  cattle 

Purchased  for  slaughter  because  they  were  either  diseased  or  had 
een  exposed. 

New  Jersey  is  believed  to  be  nearly  free  from  the  disease,  as  but 
few  new  herds  have  been  reported  during  the  last  sixty  days.  A 
large  distillery  herd  is  now  being  slaughtered,  and  this,  with  two 
small  diseased  herds,  constitutes  all  the  infeoted  premises  now  known 
in  the  State.  It  will,  however,  be  necessary  to  maintain  a  force  in 
New  Jersey  until  the  plague  is  eradicated  from  all  parts  of  New 
York,  or  the  contagion  will  be  again  introduced  by  the  movement  of 
cattle.  It  is  also  possible  that  the  disease  may  be  found  in  the 
dairies  about  Nevv^ark,  but  our  investigations  up  to  this  time  have 
not  revealed  it. 

THE  WORK   IN   PENNSYLVANIA. 

The  governor  of  Pennsylvania  never  formally  accepted  the  rules 
and  regulations  prepared  in  accordance  with  the  act  of  Congress  es- 
tablishing this  Bureau.  After  much  correspondence,  however,  with 
the  special  agent  of  the  governor,  who  has  charge  of  this  branch  of 
the  service  in  that  State,  an  agreement  adopting  a  modification  of 
these  rules  was  decided  upon.  The  chief  modification  of  the  rules 
was  that  no  herd  should  be  slaughtered  as  affected  with  pleuro-pneu- 
monia until  it  had  been  examined  and  the  diagnosis  connrmed  by  the 
State  veterinarian,  who  should  be  paid  for  this  service  from  the  ap- 
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propriation  of  the  Bureau.  It  was  further  agreed  that  the  governor 
would  issue  a  ijroclamation  placing  all  cattle  in  quarantine  which 
were  on  any  premises  situated  within  8  miles  of  the  city  hall  of  Phil- 
adelphia. 

The  proclamation  was  issued  to  take  effect  upon  April  9, 1888,  and 
at  that  time  a  force  of  men  employed  by  the  Bureau  oegan  work  in- 
specting, tagging,  and  registering  all  cattle  in  the  specified  district. 
JPo^^tnor^m  examinations  were  made  on  all  carcasses  of  cattle  which 
had  died  and  had  been  taken  to  rendering  works,  and  of  all  cows 
from  this  district  which  were  slaughtered  for  food.  With  these  re^g- 
ulations  in  force  it  becomes  possiole  to  locate  the  herds  affected  witn 
pleuro-pneumonia  in  the  vicinity  of  Philadelphia,  and  to  eradicate 
the  disease.  The  relations  between  the  State  authorities  and  the 
officers  of  the  Bureau  have  been  harmonious,  and  all  differences  of 
opinion  in  regard  to  diagnosis  have  been  settled  by  the  slaughter  and 
jposUmortein  examination  of  the  affected  animals. 

From  January  1  to  November  30,  1888,  there  were  inspected  in 
Pennsylvania  5,291  herds,  containing  72,505  head  of  cattle.  Of  this 
number  18,763  were  re-examined  by  deputies,  in  addition  to  the  pro- 
fessional inspections,  and  51,820  were  tagged  with  numbers  and  reg- 
istered upon  the  books  of  the  Bureau. 

There  were  23  herds  found  affected  with  pleuro-pneumonia,  and 
these  herds  contained  260  animals,  *19  of  which  were  pronounced  dis- 
eased when  the  inspections  were  ii^ade.  There  were  purchased  for 
slaughter  63  affected  cattle,  at  a  cost  of  $1,243.50,  an  average  of 
$19.73  per  head  ;  also  131  exposed  cattle  at  a  cost  of  $3,167.50,  an  aver- 
age of  $24.18  per  head. 

It  was  considered  advisable  to  disinfect  117  stables,  stock-yards, 
or  other  premises  ;  and  13,157  posUinoriem  examinations  were  made 
upon  the  carcasses  of  bovine  animals,  of  which  72  were  found  dis- 
eased with  pleuro-pneumonia. 

The  total  expenses  in  Pennsylvania  from  January  1  to  November 
30,  1888,  have  been  $37,978.23,  of  which  $4,411  was  paid  for  cattle 
purchased  for  slaughter  as  either  diseased  or  exposed.  The  remain- 
aer  constitutes  tlie  expense  for  disinfection,  inspection,  tagging,  reg- 
istering, making  post'inortem  examinations,  and  maintainiiig  that 
close  supervision  of  all  the  cattle  in  the  infected  district  which  is  ab- 
solutely essential  for  the  complete  success  of  the  effort  for  the  total 
eradication  of  pleuro-pneumonia. 

It  has  been  decided  that  the  governor  sliould  issue  a  proclamation 
riBmoving  the  quarantine  restrictions  at  Philadelphia,  to  take  effect 
December  15,  1888,  and  at  that  time  the  greater  part  of  the  force 
stationed  there  by  this  Department  will  be  withdrawn.  There  is 
every  reason  to  believe  that  Pennsylvania  is  now  entirely  free  from 
this  contagion,  but  it  is  deemed  advisable  to  maintain  a  supervision 
of  the  cattle  in  transit  through  Philadelphia,  and  also  to  watch  tlie 
rendering  works  and  slaughter  houses  for  a  few  months,  in  order  that 
any  re-appearance  of  it  may  be  promptly  detected. 

THE  WORK  IN   MARYLAND. 

At  the  time  the  last  report  was  written  tlie  work  was  being  reor- 
ganized, and  those  stringent  regulations  governing  the  movement  of 
cattle  which  have  been  mentioned  in  connection  with  the  work  else- 
where had  just  been  applied  to  the  infected  district  in  Btillimore 
and  vicinity.  A  new  law  was  passed  by  the  Maryland  legislature 
at  its  last  session  recognizing  the  work  of  the  Bureau  in  that  Stato, 
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and  providing  for  co-operation.  Although  there  has  been  considera- 
ble opposition  on  the  part  of  cow  dealers,  and  in  some  cases  of  dairy- 
men, and  some  violations  of  the  regulations,  the  supervision  has 
been  maintained  in  an  efficient  manner  and  has  resulted  very  satis- 
factorily. 

It  has  been  found  difficult,  and  often  impossible,  to  secure  the  in- 
dictment and  vigorous  prosecution  of  parties  violating  the  laws  and 
regulations,  apparently  because  the  sympathy  of  local  officers  was 
with  the  offenders  of  their  district  rather  than  with  those  who  were 
trying  to  eradicate  this  disease.  Fortunately  the  governor  and  the 
attorney-general  of  the  State  are  interested  in  the  success  of  the  work, 
and  realize  its  importance;  and  with  their  assistance  a  conviction 
has  recently  been  obtained  which  it  is  believed  will  have  a  wholesome 
effect  in  preventing  further  violations,  and  thus  make  it  unnecessary 
to  continue  the  prosecutions. 

There  have  been  two  outbreaks  of  pleuro-pneumonia  in  other  coun- 
ties, which  were  traced  to  cattle  taken  there  from  Baltimore,  but  in 
each  case  the  extermination  of  the  disease  was  promptly  secured.  At 
present  all  lierds  in  the  State  known  to  be  diseased  have  been  slaugh- 
tered, and  as  but  very  few  new  cases  have  developed  during  the  last 
sixty  days  it  is  believed  that  the  plague  is  practically  eradicated.  It 
will  be  necessary  to  continue  the  supervision  for  a  number  of  months 
after  the  last  case  has  been  disposed  of  before  we  can  conclude  that 
the  last  traces  of  the  contagion  nave  been  destroyed.  It  so  frequently 
happens  that  in  some  obscure  country  place  a  person  will  conceal  the 
disease  for  months  before  it  is  discovered  that  a  long  period  of  watch- 
ing is  required  to  insure  absolute  safety. 

From  January  1  to  November  30,  1888,  there  were  inspected  in 
Maryland  9,809  herds,  containing  G0,312  head  of  cattle.  Of  this  num- 
ber 5,055  were  re-examined  by  deputies  in  addition  to  the  professional 
inspections,  and  17,749  were  tagged  with  numbers  and  registered 
upon  the  books  of  the  Bureau. 

Tliere  were  74  new  herds  found  affected  with  pleuro-pneumonia 
during  the  year,  and  these  herds  contained  1,189  animals,  124  of 
which  were  pronounced  diseased  when  the  inspection  was  made. 
There  were  purcliased  for  slaughter  during  the  same  time  459  affected 
cattle  at  a  cost  of  $12,330.13,  an  average  of  $26. 87  per  head;  also  1,036 
exposed  cattle  at  a  cost  of  $27,087.81,  an  average  of  $26.15  per  head. 

The  high  average  cost  of  affected  cattle  is  due  to  the  fact  that  many 
of  tliem  were  but  slightly  affected  or  had  so  far  recovered  from  the 
disease  that  they  were  as  useful  tcf  the  owner  for  the  production  of 
milk  as  before  the  attack.  It  is  also  to  be  remembered  that  the  owner 
received  for  the  exposed  but  still  healthy  animals  the  sum  which  was 
paid  by  the  butcher  for  the  carcasses  in  addition  to  the  sum  given 
above  as  paid  by  the  Bureau. 

It  has  oeen  found  necessary  to  disinfect  145  stables,  stock-yards, 
or  otlier  premises  during  the  year,  and  also  to  moke  post-mortem  ex- 
aminations upon  the  carcasses  of  5,820  bovine  animals,  of  which  507 
were  found  diseased  with  pleuro-pneumonia. 

The  total  expenses  in  Maryland  from  January  1  to  November  30, 
1888,  have  been  $99,027.83,  of  which  $39,417.94  was  paid  for  cattle 
purchased  for  slaughter  as  either  diseased  or  exposed. 

THE   WORK   IN   VIRGINIA. 

Mention  was  made  in  the  last  report  of  the  probable  existence  of 
pleuro-pneumonia  in  Virginia,  but  at  the  time  of  writing  the  inves- 
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tigation  was  not  completed.  The  herd  was  located  at  Hampton,  and 
proved  to  be  affected  with  this  disease.  The  contagion  only  spread 
to  a  very  few  animals  outside  of  this  herd  which  had  come  in  con- 
tact with  it.  The  infected  animals  were  at  once  isolated  and  slaugh- 
tered as  rapidly  as  possible.  No  cases  of  disease  have  appeared  there 
during  the  last  six  months  and  we  may  therefore  conclude  that  it  has 
been  eradicated. 

The  total  number  of  affected  cattle  purchased  in  Virginia  was  45, 
at  a  cost  of  $739,  an  average  of  $16.42  per  head.  The  number  of  ex- 
posed cattle  purchased  was  53,  at  a  cost  of  $641,  an  average  of  $12.10 
per  head.  The  total  expense  caused  by  this  outbreak  was  $2,142.73, 
of  which  $1,380  was  paid  for  diseased  and  exposed  cattle. 

THE  WORK  IN  ILLINOIS. 

While  pleuro-pneumonia  was  practically  eradicated  from  Illinois 
at  the  time  the  last  report  was  written,  there  was  still  a  number  of 
animals  in  the  infected  district  which  it  was  deemed  prudent  to 
slaughter.  It  was  also  considered  necessary  for  safety  that  the  quar- 
antine restrictions  should  be  maintained  until  April  1,  1888. 

There  were  slaughtered  after  January  1,  1888,  4  affected  cattle, 
at  a  cost  of  $81.27,  an  average  of  $20.32  per  head.  There  were  also 
slaughtered  129  exposed  animals,  at  a  cost  of  $2,408.43,  an  average  of 
$18.67  per  head.  The  total  expenses  in  Illinois  from  January  1  to 
November  30,  1888,  were  $5,946.69,  of  which  $2,489.70  was  paid  for 
diseased  and  exposed  cattle. 

The  prompt  eradication  of  pleuro-pneumonia  from  Chicago  and 
vicinity  is  worthy  of  more  than  a  simj^le  narration  of  the  fact.  It 
may  well  be  considered  one  of  the  most  important  results  ever  ac- 
complished by  the  Department  of  Agriciiltiire.  History  gives  few  if 
any  cases  where  the  dairies  of  a  city  of  the  size  of  Chicago  have  once 
been  infected  with  pleuro-pneumonia  and  where  the  disease  has  been 
eradicated  without  years  of  constant  work  and  the  expenditure  of 
vast  sums  of  money.  Paris  was  infected  more  than  one  hundred 
years  ago,  and,  in  spite  of  the  large  number  of  veterinarians  in  that 
district,  and  of  the  stringent  laws  and  regulations  promulgated  for 
its  suppression,  the  disease  still  exists,  and  its  ravages  continue  from 
year  to  year  apparently  undiminished. 

A  continued  existence  of  the  disease  at  Chicago  would  certainly 
have  led  to  the  infection  of  the  whole  country  within  a  few  years, 
and  the  ruin  of  a  profitable  cattle  industry  in  the  United  States. 
Already  the  local  restrictions  placed  by  the  authorities  of  many 
States  upon  the  introduction  of  cattle  from  Cook  County,  and  in  many 
cases  from  the  whole  State  of  Illinois,  had  become  extremely  em- 
barrassing to  shippers  and  burdensome  to  the  whole  stock  interest  of 
the  West.  How  tnese  restrictions  would  have  been  increased  by  the 
spread  of  the  plague  to  other  States,  and  how  we  should  have  suf- 
fered from  a  leading  article  of  food,  impaired  in  quality  and  dimin- 
ished in  quantity,  can  be  easily  imagined.  By  a  fortunate  combina- 
tion of  circumstances  it  was  possible  to  check  the  extension  of  the 
plague  at  once,  and  to  extirpate  it  within  a  few  months,  but  the  risk 
of  failure  and  the  danger  to  the  country  have  never  been  appreciated 
except  by  a  few  who  were  acquainted  with  all  the  facts. 

With  the  publication  of  the  notice  giving  information  of  the  eradi- 
cation of  the  disease  and  removing  the  quarantine  restrictions  which 
had  been  imposed  by  this  Department,  confidence  was  restored  to 
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the  stock-owners  of  the  country,  the  irksome  local  restrictions  were 
one  by  one  removed,  and  soon  the  freedom  of  cattle  commerce  was 
again  established. 

No  information  has  been  obtained  during  the  year  which  would 
lead  to  the  conclusion  that  the  contagion  of  pleuro-pneumonia  exists 
in  any  part  of  the  country  west  of  the  Allegnany  Mountains.  There 
is,  consequently,  good  reason  to  believe  that  it  is  now  confined  to 
the  Atlantic  sea-board,  and  with  every  month  that  elapses  v/ithout 
hearing  from  it  elsewhere  this  conclusion  is  strengthened.  With 
the  quarantine  restrictions  now  in  force  in  the  infected  districts 
there  is  but  little  danger  of  the  plague  again  finding  its  way  to  the 
West,  and  with  the  continual  repression  and  diminution  of  it  at  all 
points  this  danger,  small  as  it  is,  is  constantly  becoming  less.  If  this 
work  is  continued  for  another  year  it  seems  probable  that  the  con- 
tagion will  have  entirely  disappeared  from  the  United  States  by  the 
expiration  of  that  time. 

THE   WORK   AS   A   WHOLE. 

It  will  be  seen  from  the  above  that  there  has  been  constant  and 
satisfactory  progress  during  the  year  at  all  points  where  the  disease 
exists.  Tlie  work  has  been  heavy  and  expensive,  and  the  expendi- 
tures for  the  eleven  months  covered  by  this  report  have  been  greater 
than  the  appropriation  for  any  fiscal  year.  It  was  only  by  so  plan- 
ning that  the  most  costly  work  would  come  in  the  latter  part  or  one 
fiscal  year  and  at  the  beginning  of  another  that  the  operations  could 
be  sustained  in  an  efficient  manner  without  an  increased  appropria- 
tion. Even  with  this  plan  in  mind  it  was  necessary  to  suspend  all 
slaughtering  of  animals  and  much  of  the  other  work  for  over  six 
weeks  in  May  and  June  in  order  to  avoid  a  deficiency.  Although  the 
total  expenditures  of  the  first  five  months  of  the  present  fiscal  year 
for  the  entire  work  of  the  Bureau  have  averaged  $40, 178. 68  per  month, 
or  at  the  rate  of  $554,144.16  per  annum,  it  appears  certain  that  the 
decrease  which  has  been  macle,  and  which  can  oe  carried  still  further 
as  the  work  proceeds,  will  bring  the  total  for  the  year  within  the  sum 
appropriated,  and  this  without  the  necessity  of  interrupting  the  op- 
erations. 

Including  all  the  districts  in  which  pleuro-pneumonia  has  existed, 
there  were  inspected  from  January  1  to  November  30,  1888,  a  total 
of  35,604  herds  of  cattle,  containing  305,280  animals.  Of  this  num- 
ber 106,415  were  re-examined  by  the  non-professional  assistants  in 
addition  to  the  veterinary  inspections,  and  183,257  were  tagged  with 
numbers  and  registered  upon  the  books  of  the  Bureau. 

There  were  63 1  new  herds  found  affected  with  pleuro-pneumonia  dur- 
ing the  year,  and  these  herds  contained  8,643  animals,  1,446  of  which* 
were  pronounced  diseased  when  the  inspections  were  made.  There 
were  piirchased  for  slaughter  during  the  same  time  2,649  affected 
cattle,  at  a  cost  of  $67,695.93,  an  average  of  $25.55  per  head;  also 
5,490  exposed  cattle,  at  a  cost  of  $131,227.74,  an  average  of  $23.90  per 
head. 

It  has  been  foimd  necessary  to  disinfect  1,879  etables,  stock-yards, 
or  other  premises,  and  also  to  make  post-viortem.  examinations  upon 
the  carcasses  of  43,176  bovine  animals,  of  which  3,426  were  found 
diseased  with  pleuro-pneumonia. 

The  total  expenses  of  the  pleuro-pneumonia  work  from  January  1 
to  November  30,  1888,  have  been  $481,586.55,  of  which  $198,923.67 
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was  paid  for  cattle  purchased  for  slaughter,  as  either  diseased  or  ex- 
posed. The  remainder  constitutes  the  expense  for  inspection,  disin- 
fection, tagging,  registering,  and  supervising  the  movement  of  cattle, 
of  post'Ttiortem  examinations,  and  of  all  the  various  expenses  neces- 
sary to  insure  the  prompt  discovery  of  this  plague  when  it  appears 
in  any  herd,  and  to  prevent  the  further  extension  of  the  infection. 

The  following  table  shows  a  r^sum^  of  the  pleuro-pneumonia  work 
from  January  1  to  November  30,  1888,  as  given  in  detail  above: 

Table  showing  the  work  oftfie  Bureau  of  Animal  Industry  for  the  eradication  of 
pleuro-pneumonia  from  January  1  to  Noveinlir  30,  1888. 


Herds  inspected 

Cattle  inspected 

Cattle  re-examined  by  deputies 
Diseased  cattle  found  by  In- 
spection   

Post-mortem  examinations  . . 
Diseased  cattle  found  by  post- 
mortem examinations 

Cattle  tagged 

New  herds  found  affected 

Animals  in  affected  herds 

Diseased  cattle  purchased 

Exposed  cattle  purchased 

Premises  disinfected 


New 
York. 


12,883 
99,7*^ 
09,184 

691 
15,588 

2,287 

:oo,8ro 

328 
4,647 
1,676 
8,196 
1,889 


New 
Jersey. 


8,018 
72,095 
20,418 

581 
6,846 

614 
18,818 
210 
2,608 
602 
945 
876 


Pennsyl- 
vania. 


5,291 
72,565 
18,768 

49 
18, 157 

72 
61.820 

28 
260 

68 
181 
117 


Mary- 
land. 


9,809 

60,812 

6,056 

124 
6,820 

607 

17,749 

74 

1,189 

459 

1,086 

146 


Virginia. 


18 
297 


1 
103 

46 


1 
89 
45 
53 

2 


Illinois. 


140 
285 


1,712 


4 

129 

1 


Total. 


86,004 
305,280 
106,416 

1,446 
48,176 

8.420 
188,967 
681 
8,048 
2,649 
6,490 
1,879 


Bisu7n4  of  the  expenditures  in  the  pleuro-pneumonia  toork  from  January  1  t<f  No^ 

veniber  80,  1888. 


Items. 


New  York. 


Salaries '$109,694.44 

Traveling  expenses . . ;    1^,  988. 97 

Miscellaneous  e  x  - 
penses  

Affected  cattle 

Exposed  cattle 

Average  paid  for  af- 
f  ecf ed  cattle 

Average  paid  for  ex- 
posed cattle 


9,714.08 
40,976.53 
72,410.50 

26.00 

213.66 


NewJersey. 

$36,289.06 
8,82r.l9 

Pennsylva- 
nia. 

Maryland. 

Virginia. 

Illinois. 

$27,886.78 
3,486.73 

$46,454.17 
11,117.92 

$601.66 
141. 62 

$8,062.60 
290.80 

2.707.86 
12,825.50 
254612.50 

2,193.77 
1,248.50 
3,167.50 

2,687.80 
12,380.18 

27,087.81 

19.56 
789.00 
641.00 

174.09 

81.27 

2.408.48 

24.56 

19.78 

23.87 

16.42 

20.32 

27.10 

24.18 

26.16 

12.10 

18.67 

TotiU. 


$228,988.56 
41,277.78 

17.446.00 

67,096.98 

181,287.74 

85.65 

88.90 


We  have  now  entered  upon  the  most  critical  period  in  the  work 
for  the  eradication  of  this  disease.  In  all  of  the  infected  States  the 
animals  known  to  have  been  diseased  or  exposed  have  been  slaugh- 
tered with  few  exceptions,  but  in  Maryland,  New  Jersey,  and  New 
York  the  plague  continues  to  develop  at  greater  or  less  intervals, 
and,  consequently,  newly  infected  herds  are  discovered.  In  Mary- 
land and  New  Jersey,  where  the  work  has  been  longest  in  progress, 
these  new  infections  are  becoming  less  and  less  frequent.  Even  in 
the  worst  infected  districts  on  Long  Island  the  prevalence  of  the 
malady  has  been  greatly  diminished.  With  this  decrease  in  the 
amount  of  disease,  the  reason  for  the  stringent  regulations  becomes 
less  apparent  to  the  cattle-owners,  to  prosecuting  officers,  and  to  citi- 
zens generally.  It  is  therefore  much  more  difficult  to  enforce  the 
laws  and  the  regulations  made  under  them;  flagrant  violations  become 
more  freqiient,  and  in  some  cases  efforts  are  made,  usually  by  cow- 
dealers,  to  propagate  the  disease. 

These  facts  show  the  importance  of  maintaining  the  quarantine 
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restrictions  until  the  last  vestige  of  the  contagion  has  disappeared. 
And  above  all  should  we  be  able  to  preserve  the  interstate  channels 
of  commerce  free  from  infection.  The  large  sum  of  money  expended 
and  the  encouraging  progress  of  the  work,  with  the  rapid  approach 
of  the  time  when  the  country  could  be  declared  free  from  this  plague, 
emphasize  the  necessity  of  adopting  every  precaution  to  secure  early 
and  complete  success.  But  how  ig  this. to  be  accomplished?  Evi- 
dently by  enforcing  every  regulation  against  the  spread  of  the 
disease  until  the  contagion  has  entirely  disappeared. 

I  have  already  mentioned  the  growing  disposition  on  the  part  of 
State  officials  to  relax  their  regulations,  to  allow  violations  to  go  un- 
punished, to  remove  restrictions  before  safety  has  been  assured. 
This  disposition  is  alarming,  because  just  as  the  whole  pleuro-pneu- 
monia  infection  in  this  country  arose  from  a  single  case  oi  the  disease, 
so  now  the  escape  of  one  affected  animal  may  undo  all  that  has  been 
accomplished  by  two  years  of  indefatigable  labor  and  by  an  expend- 
iture of  nearly  $1,000,000. 

To  guard  against  this  danger,  I  would  respectfully  and  most  earn- 
estly recommend  amendments  to  the  act  establishing  the  Bureau  of 
Animal  Industry  imposing  a  penalty  upon  any  person  who  removes 
or  causes  to  be  removed  any  Bovine  animal  from  a  section  declared 
by  the  Commissioner  of  Agriculture  to  be  an  infected  district  to  any 
other  State  or  Territory,  or  who  transports  or  causes  to  be  trans- 
ported any  such  animal  upon  any  railroad  or  vessel  which  forms  part 
of  a  transportation  line  from  one  State  or  Territory  into  another.  At 
present  Ihere  is  no  penalty,  except  for  those  who  knowingly  ship  a 
aiseased  animal  from  one  State  to  another.  Experience  shows  that 
it  is  impossible  to  prove  that  a  person  knows  an  animal  to  be  affected. 
It  is  also  more  dangerous  to  ship  exposed  animals  than  affected 
ones,  because  the  latter  are  easily  detected  as  a  rule,  while  the  former 
do  not  show  the  symptoms  for  two  or  three  months,  and  during  this 
time  may  scatter  the  contagion  among  many  animals  and  herds.  It 
is  equally  important  to  prevent  the  shipment  of  diseased  and  exposed 
animals  within  a  State,  except  upon  lines  of  railroad  and  upon  steam- . 
boats  which  form  a  portion  of  our  great  interstate  commercial  chan- 
nels. 

It  is  worthy  of  remark  that  there  has  been  no  trouble  in  enforcing 
the  rules  ana  regulations  in  country  districts  where  the  population 
is  made  up  of  farmers.  The  native  American  farmer  has  always 
assisted  in  stamping  out  the  disease  and  has  been  scrupulously  care- 
ful to  carry  out  to  the  letter  any  measures  that  he  was  called  upon  to 
observe.  The  result  is  that  country  outbreaks  are  soon  under  con- 
trol and  f^uickly  eradicated.  Not  so.  however,  with  city  outbreaks. 
Here  wo  (^ome  in  contact  with  an  entirely  different  element  of  our 
population.  The  city  cow-owner,  as  a  rule,  is  in  debt  to  the  dealer 
from  whom  ho  buys  his  cow.  He  is  poor,  iraorant,  often  unable  to 
speak  our  language,  unscrupulous  as  to  the  health  of  his  animals  or 
the  character  of  the  milk  he  sells,  and  not  infrequently  appears  to 
consider  it  his  duty  to  violate  the  regulations  or  the  statutes  rather 
than  to  observe  them. 

In  farming  districts,  therefore,  it  matters  little  whether  the  laws 
are  perfect  or  imperfect,  or  whether  there  are  or  are  not  penalties  for 
their  violation;  it  is  seldom  that  they  are  appealed  to,  and  the  work 
of  eradication  goes  smoothly  on  until  it  is  completed.  In  city  dis- 
tricts the  conditions  are  exactly  opposite.  When  the  inspectors  come 
upon  the  premises  they  are  met  as  enemies  ;  too  often  they  are 
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threatened  with  violence ;  diseased  cattle  are  surreptitiously  sold  by 
the  owners,  and  taken  into  other  herds  by  dealers  whose  sales  are  in- 
creased by  the  misfortunes  of  their  customers.  With  such  people, 
harsh  measures  are  necessary  or  the  work  could  never  be  completed. 
The  laws  should  cover  all  acts  which  would  tend  to  spread  the  dis- 
ease, and  there  should  be  penalties  applicable  to  all  violations.  With- 
out these  the  time  and  expense  required  for  complete  success  must 
be  indefinitely  increased. 

GLANDERS. 

In  addition  to  the  order  of  the  Commissioners  of  the  District  of 
Columbia  referred  to  in  my  previous  report,  by  which  the  Chief  of 
the  Bureau  of  Animal  Industry  was  made  District  veterinarian  for 
the  purpose  of  discovering  and  eradicating  pleuro-pneumonia,  a  sub- 
sequent order  has  been  issued  which  gives  nim  authority  to  investi- 
gate as  to  the  existence  of  glanders  and  to  kill  affected  animals  with- 
out compensation  to  the  owner.  The  investigations  so  far  made  show 
the  prevalence  of  this  malady  to .  a  considerable  extent  among  the 
horses  in  the  District.  From  here  affected  animals  have  been  fre- 
quently taken  into  Maryland  and  Virginia,  scattering  the  disease 
and  causing  severe  losses  in  those  States.  The  presence  of  such  a 
pest,  dangerous  not  only  to  the  equine  race  but  equally  fatal  to  man- 
kind, calls  for  energetic  measures  of  suppression.  To  this  end  prompt 
action  has  been  taken  whenever  the  disease  has  been  discovered  and 
affected  animals  have  been  killed  as  soon  as  possible  after  a  sat- 
isfactory diagnosis  was  reached.  At  the  same  time  great  care  has 
been  exercised  that  no  animals  should  be  condemned  unless  they  pre- 
sented the  pathognomonic  evidences  of  the  affection.  When  practi- 
cable Q*  post'inorieni  examination  is  always  made  to  confirm  the  ante- 
mortem  diagnosis.  The  number  of  horses  killed  in  the  District  of 
Columbia  because  affected  with  glanders  was  :  July,  1 ;  August,  0 ; 
September,  2 ;  October,  10 ;  November,  1 ;  December,  12 ;  total,  26. 


PREVENTION  OF  HOG  CHOLERA.* 

ISOLATION,  DISINFECTION,  AND  CLEANLINESS  AS  PREVENTIVE  MEAS- 
URES. 

It  is  frecjuently  necessary  to  apply  preventive  measures  before  in- 
fectious diseases  have  actually  appeared  in  a  herd.  The  disease  may 
have  appeared  on  a  neighboring  farm  and  the  problem  then  arises. 
How  can  the  disease  be  prevented  from  spreading  to  other  farms  ? 
How  can  the  surrounding  farms  keep  the  disease  from  their  premises  ? 

The  sources  and  channels  of  infection  are  as  follows,  the  most  com- 
mon and  important  being  placed  first: 

(a)  Pigs  purchased  from  infected  herds,  or  coming  in  contact  with  those  from 
infected  farms,  or  running  over  ground  occupied  by  diseased  swine  within  a  period 
of  two  or  three  months. 

(b)  Infected  streams  may  communicate  the  disease  to  herds  below  the  source  of 
infection. 

(c)  Virus  may  be  carried  in  feed,  implements,  and  on  the  feet  and  clothing  of  per- 
sons from  infected  herds  and  premises. 

(d)  Winds,  insects,  birds  (partyiularly  buzzards),  and  various  animals  may  trans- 
port hog  cholera  virus. 

*  Equally  applicable  to  swine  plague. 
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In  regard  to  a,  it  may  be  said  that  no  pigs  should  be  purchased 
from  any  locality  until  one  year  after  the  death  of  the  last  case  of 
cholera.  There  are  frequently,  near  the  end  of  an  epizootic,  chronic 
cases  which  may  live  for  three  or  four  months  without  showing  any 
distinctive  signs  of  disease  until  they  suddenly  die.  The  post-mortem 
examination  usually  reveals  extensive  ulceration  of  the  large  intes- 
tine. The  disease  may  thus  linger  in  a  herd  long  after  all  danger 
has  apparently  subsided.  By  bringing  any  chronic  cases  in  contact 
with  nitherto  unexposed  healthy  swine  the  disease  may  spring  up 
anew,  as  a  dying  fire  would  among  fresh  fuel.  Althougnour  expisr- 
iments  have  shown  that  the  disease  germs  may  all  disappear  from 
the  soil  in  three  or  four  months,  the  uncertainty  of  knowing 
whether  there  are  any  chronic  cases  continually  adding  fresh  virufe 
to  the  soil  makes  the  period  of  one  year  not  too  long.  It  is  advisable, 
in  districts  where  hog  cholera  is  very  prevalent  and  is  rarely  absent 
for  any  length  of  time,  for  farmers  to  raise  their  own  pigs  and  not 
trust  to  any  animals  from  outside.  In  this  way  infection  may  be  at 
least  in  part  kept  under  control.  When  animals  have  been  obtained 
from  places  which  are  not  above  suspicion,  they  should  not  be  brought 
in  contact  with  swine  already  on  the  place,  but  quarantined  as  far  as 
possible  from  them  and  kejpt  under  careful  observation  for  at  least 
one  month. 

(b)  Perhaps  the  most  potent  agents  in  the  distribution  of  hog 
cholera  are  streams.  They  may  become  infected  with  the  specific 
germs  when  sick  animals  are  permitted  to  go  into  them,  when  dead 
animals  or  any  part  of  them  are  thrown  into  the  water,  or  when  pig 
pens  are  drained  into  them.  They  may  even  multiply  when  the 
water  is  contaminated  with  fecal  discharges  or  other  organic  matter. 
Experiments  in  the  laboratory*  have  demonstrated  that  hog  cholera 
bacilli  may  remain  nlive  in  water  for  four  months.  Making  all  due 
allowance  for  external  influences  and  competition  with  other  bacteria 
in  natural  waters,  wo  are  forced  to  assume  that  they  may  live  at  least 
a  month  in  streams.  This  woiild  bo  time  enough  to  infect  every  herd 
along  its  course. 

(c)  Hog  cholera  germs  are  not  immediately  destroyed  by  drying. 
Laboratory  experiments  show  that  they  may  retain  their  vitality 
from  two  to  four  months.  Hence  it  is  not  difficult  to  see  how  a  per- 
son walking  on  infected  ground  and  among  infected  animals  may 
carry  on  his  shoes  and  clothing  dried  germs  of  the  disease  to  any 
neighboring  herd.  For  the  same  reason,  hog  cholera  germs  may  bo 
carried  from  infected  grounds  to  others  by  feed,  and  by  farming  im- 
plements which  have  come  in  contact  with  infected  ground. 

(d)  There  is  no  reason  to  suppose  that  currents  of  air  have  much 
influence  in  spreading  the  disease.  Observations  at  the  experiment 
station  of  the  Biireau  have  left  no  doubt  that  healthy  pigs  may  be 
kept  on  the  same  farm  with  diseased  ones  in  pens  not  more  than  100 
feet  from  the  sick  without  becoming  infected,  provided  the  infec- 
tion is  not  carried  in  feed  and  implements,  or  on  the  shoes  and  cloth- 
ing of  persons,  from  the  sick  to  the  healthy.  Moreover,  the  disease 
is  an  intestinal  malady,  and  all  evidence  points  to  infection  through 
the  food  rather  than  through  the  air  inspired. 

Tlie  agency  of  flies  and  other  insects  is,  perhaps,  equally  limited 
when  infection  is  to  be  carried  from  one  place  to  another.  Our  exper- 
iments show  very  well  that  the  sting  or  bite  of  an  insect  can  not  be 

*See  bulletin  on  hog  cholera. 
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sufficient  to  produce  the  disease.  It  is  possible,  however,  that  they 
may  carry  tne  vims  from  one  place  to  another  in  the  same  yara. 
This  will  DC  discussed  more  fully  under  another  head. 

The  agency  of  buzzards  in  distributing  the  disease  in  the  Southern 
States  seems  probable,  although  there  is  no  positive  proof.  These 
birds  will  readily  consume  carcasses  of  dead  swine.  If  the  hog  chol- 
era gerihs  are  not  destroyed  by  digestion  it  is  reasonable  to  assume 
that  the  feces  contain  the  living  germs,  which  may  cause  the  disease 
to  break  out  at  some  distant  place.  Of  coiirse  the  remedy  would  be 
to  immediately  destroy  or  bury  dead  animals. 

There  is  some  reason  to  believe  that  rats,  dogs,  and  perhaps  other 
small  animals  may  cdrry  the  ^erms  upon  their  feet  or  in  their  hair 
and  thus  infect  premises.  It  is  probable  that  the  contagion  is  only 
rarely  transported  in  this  manner,  but  there  are  outbreaks  the  origin 
of  which  it  is  difficult  to  explain  otherwise. 

Granted,  then,  no  cornmunication  between  infected  and  uninfected 
farms,  there  still  remains  the  danger  of  infected  water-courses,  upon 
which  it  is  impossible  to  lay  too  much  emphasis.  In  fact,  if  the  dis- 
ease exists  anywhere  along  a  stream  all  farms  below  that  point  are 
liable  to  infection  unless  use  of  the  water  in  any  form  whatever  is 
given  up  during  the  season. 

By  paying  particiilar  attention  to  these  points  there  is  no  doubt 
that  tne  disease  can  be  warded  off  even  when  in  the  immediate 
neighborhood.  Ho^  cholera  is  analogous  to  typhoid  fever,  dysentery, 
and  Asiatic  cholera  m  man  in  many  particulars,  and  there  is  a  quite 
imanimous  opinion  that  these  diseases  are  most  commonly  trans- 
mitted through  drinking  water.  The  same  may  be  x>redicated  of 
hog  cholera,  and  the  mysterious  spread  of  this  plague  will  no  doubt 
frequently  be  understood  by  examining  the  water-courses. 

When  the  disease  is  in  the  neighborhood  it  has  been  customary 
with  some  to  feed  swine  on  a  so-called  ** preventive"  medicine. 
These  are  frequently  prepared  or.  invented  by  individuals  who  have 
little,  if  any.  Knowledge  of  the  action  of  medicines.  The  outcome 
is  that  the  animals  fed  with  these  unknown  compounds  are  not  only 
not  benefited,  but  their  vitality  is  actually  reduced,  and  when  the 
disease  appears  it  destroys  the  weakened  animals  much  more  easily. 
The  writer  has  made  post-mortem  examinations  of  several  animals  in 
the  West  where  such  preliminary  treatment  was  going  on,  and  the 
peculiar  changes  of  the  internal  organs,  not  like  any  known  disease, 
could  only  be  referred  to  the  action  of  such  preparations.  It  must 
be  remembered  that  there  are  very  few  medicines  which  are  not  in- 
jurious or  poisonous  in  large  doses.  They  should  not  be  used  except- 
ing under  special  conditions,  and  only  given  as  recommended  by  those 
who  have  been  trained  to  know  the  peculiar  value  and  effect  of  drugs. 

The  condition  of  the  animals  themselves  is  of  great  importance  in 
favoring  or  preventing  infection.  When  pigs  are  fed  with  liquids 
in  which  the  specific  bacilli  only  are  present  those  that  have  been 
deprived  of  food  for  some  time  previous  take  the  disease,  while  those 
whose  stomachs  contain  food  that  is  undergoing  digestion  do  not 
take  it  readily.  If,  besides  starving  the  animal,  tney  are  fed  with 
some  alkaline  solution  by  which  the  alkalinity  of  the  stomach  is 
increased,  the  pathogenic  effect  is  still  more  pronounced.  Any  dis- 
order of  digestion  by  which  the  secretion  of  gastric  juice  is  dimin- 
ished or  checked  and  the  mucus  is  increased  in  quantity  will  increase 
the  susceptibility  of  the  animal  to  infection,  because  the  alkalinity 
of  the  mucous  membrane  will  favor  rather  than  destroy  the  virus. 
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Any  mode  of  feeding  which  produces  constipation  and  overdisten- 
sion of  the  large  intestine  is  likely  to  favor  tlie  disease,  as  the  virus 
is  retained  for  a  longer  time.  During  epizootics,  therefore,  be- 
sides the  preventive  measures  suggested,  the  animals  should  be  care- 
fully fed  upon  food  which  tends  to  keep  the  bowels  open  and  the 
feces  soft,  and  which  does  not  interfere  with  normal  digestion. 

When  there  is  a  suspicion  that  a  herd  has  been  infected,  although 
the  disease  has  not  yet  appeared,  disinfection  and  all  the  rules  laid 
down  below,  as  if  the  disease  were  actually  present,  should  be  carried 
out  with  great  care. 

When  nog  cholera  has  appeared  in  a  herd  or  on  a  farm,  precau- 
tions should  be  taken  for  two  reasons:  (1)  To  prevent  the  virus  from 
being  carried  to  other  farms  and  infecting  other  herds;  (2)  to  prevent 
the  loss  of  the  entire  herd,  or,  if  this  is  not  possible,  to  stamp  out  the 
disease  in  such  a  way  that  the  ground  shall  not  infect  healthy  animals 
subsequently  introduced. 

The  rules  under  the  first  head  should  be  prescribed  by  law  to  pro- 
tect property  from  the  consequences  of  the  carelessness  or  the  will- 
fulness of  those  who  refuse  to  take  proper  precautions.  They  may 
be  summarized  as  follows: 

(a)  The  dead  animals  should  be  immediately  disposed  of  either  by  burial  or  by  burn- 
ing, or  if  thev  are  taken  to  some  rendering  establishment  their  transportation  should 
be  governed  by  well-defined  rules  which  will  prevent  the  dissemination  of  virus  on 
roads,  in  wagons,  cars,  etc. 

(b)  Streams  should  be  carefully  protected  from  pollution. 

(c)  No  animals  should  be  removed  from  any  infected  herd  or  locality  to  anotlier 
free  from  the  disease,  except  for  slaughter,  for  at  least  six  months  after  the  last  case 
of  disease  has  died  or  recovered. 

(a)  The  proper  disposal  of  dead  animals  is  a  matter  of  great  im- 
portance, for  the  bodiej^  not  only  contain  the  germs  of  the  disease, 
but  the  latter  will  multiply  enormously  during  summer  heat  in  the 
internal  organs  after  life  has  been  extinguished.  Each  dead  body 
must  therefore  be  regarded  as  a  focus  of  tne  disease  unless  properly 
disposed  of.  It  may  be  buried.  In  such  case  it  must  be  so  deep  that 
no  animal  can  get  at  it.  It  should  be  covered  by  a  layer  of  powdered 
or  slaked  lime  several  inches  thick,  and  the  ground  over  the  body  like- 
wise sprinkled  with  a  thin  layer  of  the  same.  If  the  carcasses  are 
burnea,  care  should  be  taken  that  any  parts  not  consumed  are  buried 
as  directed.  If  they  are  carried  away  some  distance  to  rendering  es- 
tablishments, employt^s  of  such  establishments  should  be  compelled 
to  wrap  around  tne  carcasses  strong  cloths  wetted  with  a  2  per  cent, 
solution  of  carbolic  acid,  so  as  to  protect  the  roads  from  the  virulent 
drippings. 

(o)  The  danger  from  infected  streams  has  already  been  mentioned 
at  length.  These  must  be  protected  by  law.  in  such  a  way  that  Ho 
sick  animals  should  be  allowed  to  go  near  them,  and  that  no  carcasses 
be  thro\vn  into  them  or  deposited  where  drainage  may  carry  the  virus 
from  the  body  into  the  water.  Nor  should  the  drainage  from  pens  be 
permitted  to  flow  into  them. 

(c)  Hogs  are  frequently  affected  with  cholera  of  a  mild  form,  which 
lasts  several  months  before  some  form  of  septic  infection  or  degener- 
ative changes  in  the  internal  organs  produce  death  ;  hence  it  is  im- 
Eortant  to  insist  upon  knowing  when  tne  last  case  of  disease  occurred, 
ince  it  has  been  demonstrated  tliat  hog  cholera  germs  may  remain 
alive  in  the  soil  from  throe  to  four  months,  this  rule  will  not  appear 
unreasonable  as  a  safeguard. 
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These  rules  will  be  sufl&cient,  if  properly  executed,  to  confine  the 
disease  within  narrow  limits.  There  is  no  doubt  that  hog  cholera 
virus  dies  out  over  the  greater  part  of  our  coimtry  after  epizootics 
have  swept  over  it.  We  have  no  reason  to  believe  that  it  can  sur- 
vive in  the  soil  from  one  end  of  the  year  to  the  other.  It  is,  in  fact, 
highly  probable  that  it  is  transported  and  distributed  from  a  few 
places  where  for  some  reason  cases  have  occurred  throughout  the 
year  and  have  thus  kept  the  virus  alive.  There  are  no  experiments 
on  record  which  show  that  the  hog  cholera  germs  may  be  found  in 
the  soil  and  water  independent  of  the  disease.  They  have  been  looked 
for  but  have  never  been  found  excepting  in  the  body  or  discharges  of 
diseased  swine. 

In  view  of  the  fact  that  the  disease  can  be  kept  under  control,  the 
legislatures  of  those  States  which  suffer  most  severely  from  this 
plague  should  take  steps  to  enact  rules  similar  to  those  formulated 
above.  The  States  of  Kansas  and  Nebraska  have  on  their  statute 
books  laws  of  this  character,  which  read  as  follows  : 

KANSAS,  f 

AN  ACT  to  prevent  the  spread  of  disease  among  swine. 

Be  it  enacted  by  tlie  legislature  of  the  State  of  Kansas,  It  is  hereby  made  the 
duty  of  every  person  who  owns  or  who  has  the  control  of  any  hog  that  has  died  of  any 
disease  to  bury  or  bum  the  same  within  twenty-four  hours  after  such  hog  has  died : 
and  any  person  who  knowingly  faUs  or  refuses  to  comply  with  the  provisions  of 
this  section  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof 
shall  be  fined  not  exceeding  one  hundred  dollars. 

Sec.  2.  Whoever  shall  knowingly  barter  or  sell  any  hog  afflicted  with  any  disease 
without  giving  full  information  concerning  said  disease  shall  be  deemed  giulty  of  a 
misdemeanor,  and  upon  conviction  thereof  shall  be  fined  not  exceeding  one  hun- 
dred dollars. 

Sec.  3.  Whoever  shaU  knowingly  barter  or  sell  any  hog  which  has  died  of  any 
disease  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
be  fined  not  exceeding  one  hundred  dollars. 

Sec  4.  Whoever  shall  throw  or  deposit  a  dead  hog  in  any  river,  stream,  creek,  or 
ravine  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
be  fined  not  exceeding  one  hundred  dollars. 

NEBRASKA. 

AN  ACT  to  prevent  the  spread  of  bog  cholera  and  other  kindred  diseases,  and  prevent  traffic  in  ani- 
mals dying  from  infectious  or  other  diseases. 

Be  it  enacted  by  the  legislature  of  the  State  of  Nebraska :  That  it  shall  be  the  duty 
of  the  owners  of  swine  or  other  domestic  animals  dying  from  cholera  or  other  dis- 
eases, within  twenty-four  hours  after  their  death,  to  cause  the  carcasses  of  such 
animals  to  be  suitably  buried  or  burned  up,  on  the  premises  owned  or  occupied  by 
such  person. 

Sec  2.  If  the  owner  of  any  swine  or  other  domestic  animals  dying  from  cholera 
or  other  disease,  or  any  other  person  shall  sell  or  dispose  of  the  carcass  of  such  swine 
or  other  domestic  animals,  to  any  person  for  the  purpose  of  manufacturing  the 
same  into  soap  or  rendering  the  same  into  lard,  or  for  other  purposes,  or  if  any  per- 
son shall  buy,  or  otherwise  obtaAn  the  carcass  of  any  swine  or  other  domestic  ani- 
mals, dying  from  cholera  or  other  disease  for  manufacturing  purposes  as  aforesaid, 
or  any  other  putpose  except  that  of  burial  or  burning,  as  provided  in  the  preceding 
section,  every  such  person  shall  upon  conviction  be  fined  m  any  sum  not  less  than 
twenty-five  dollars  nor  more  than  one  hundred  dollars,  or  be  imprisoned  not  exceed- 
ing six  months. 

Sec  3.  Whereas  an  emergency  exists,  this  act  shall  be  in  force  and  take  effect 
from  and  after  its  passage. 

Approved,  March  4,  1885. 

These  laws,  although  not  sufficiently  explicit,  touch  upon  the  most 
important  points,  and  are  great  strides  in  the  right  direction.    We 
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would  suggest  laws  embodying  the  three  heads  in  their  entirety  as 
given  above  under  a,  6,  and  c,  together  with  directions  for  their 
proper  execution.  The  disease  spreading  so  easily  and  rapidly  re- 
quires great  promptness  of  action  and  guite  different  rules  from  those 
which  must  be  adopted  in  the  suppression  of  glanders  or  tuberculosis, 
for  example.  The  difference  is  due  to  the  nature  of  the  specific  mi- 
crobe so  unlike  those  causing  the  two  diseases  mentioned. 

It  is  not  strange  that  so  little  attention  has  been  paid  to  the  re- 
striction of  this  disease  in  the  past,  since  legislators  and  boards  of 
health  and  State  veterinarians  have  had  no  scientific  basis  upon  which 
to  frame  laws.  Even  now  efforts  are  being  made  in  various  quarters 
to  controvert  or  openly  deny  the  accuracy  of  the  investigations  and 
results  obtained  by  the  Bureau,  and  throw  the  whole  subject  back 
into  the  chaos  in  which  it  was  but  a  few  years  ago.  This  must  have 
anything  but  a  salutary  effect  upon  those  intrusted  with  the  framing 
and  execution  of  specific  laws  for  the  protection  of  domesticated 
animals. 

Having  thus  far  dwelt  upon  the  means  which  must  be  resorted  to 
prevent  the  spread  of  the  disease  from  one  place  to  another,  it  be- 
comes necessary  to  consider  some  of  the  measures  that  should  be  em- 
ployed in  checKing  it  after  it  has  once  taken  foothold  in  a  herd.  But 
how  are  we  to  recognize  the  disease?  To  answer  this  question  it  may 
be  well  to  recapitulate  briefly  some  of  the  more  important  features 
of  the  malady  m  as  simple  language  as  possible. 

It  is  quite  common  for  the  disease  to  announce  itself  by  a  few  sud- 
den deaths.  The  stricken  animals  may  seem  well  a  day,  perhaps 
only  a  few  hours,  before  death.  In  order  to  remove  any  doubts  as  to 
the  precise  nature  of  the  disease  it  is  best  to  examine  one  or  more  of 
the  animals  before  burying  or  burning  them.  This  should  be  done 
in  a  secluded  place  which  pigs  can  not  reach  and  the  ground  thor^ 
oughly  disinfected  as  will  be  described  later.  The  disease  in  the  sud- 
den cases  can  be  easily  recognized.  The  spleen  is  as  a  rule  very  black 
and  enlarged.  Spots  of  blood  from  the  size  of  a  pin's  head  to  a  quar- 
ter inch  or  more  will  be  seen  in  the  fat  under  tne  skin  on  the  intes- 
tines, lungs,  heart,  and  kidneys.  The  lymphatic  glands  are  purplish 
instead  of  a  pale  pink.  When  the  large  intestines  are  opened  they 
are  found  covered  with  these  dark  spots  of  blood  more  or  less  uni- 
formly and  entirely.  Often  the  contents  are  covered  with  clotted 
blood.  Any  or  all  of  these  may  be  considered  as  signs  of  the  disease 
in  its  most  virulent  form*.  In  many  outbreaks  the  early  cases  do  not 
succumb  so  rapidly.  They  grow  w(  aker,  lie  down  much  of  the  time, 
eat  but  little,  and  usually  have  diarrhea.  Most  of  such  cases  may 
linger  for  weeks,  meanwhile  scattering  the  poison  in  the  discharges. 
The  disease  may  be  recognized  in  these  cases  as  soon  as  they  are  ob- 
served to  act  suspiciously,  and  there  should  be  no  delay  in  determin- 
ing at  once  the  nature  of  the  disease.  When  the  ammal  has  been 
opened  the  large  intestine  should  be  carefully  slit  up  and  examined, 
beginning  with  the  blind  or  upper  end.  There  will  be  seen  round- 
ish yellow  or  blackish  spots,  having  an  irregular  depressed,  some- 
times elevated  surface.  These  spots  are  ulcers  and  correspond  to  dead 
portions  of  the  mucous  membrane,  and  they  are  frequently  seen  from 
the  outside  as  soon  as  the  animal  is  opened.  Sometimes  the  mem- 
brane has  been  entirely  destroyed. 

In  order  to  comprehend  fully  the  reasons  for  the  preventive  meas- 
ures suggested,  let  us  briefly  trace  the  various  ways  in  which  hog 
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cholera  bacteria  may  pass  from  a  diseased  or  dead  animal  to  a 
healthy  one. 

Pigs  may  become  directly  infected  by  feeding  on  the  carcasses  of 
such  as  have  died  of  the  disease,  or  by  feeding  on  the  feces  and  nrine 
of  sick  animals  ;  or  they  may  become  indirectly  infected  by  feeding 
upon  material  in  which  hog  cholera  bacteria  are  accidentally  present 
and  in  which  they  have  multiplied.  This  would  include  milk,  wateTi 
and  perhaps  most  vegetables  in  a  boiled  condition.  It  has  been 
pointed  out  in  preceding  pages  that  hog  cholera  bacteria  multiply 
very  abundantly  in  milk,  especially  in  warm  weather;  that  they  re- 
main alive  in  water  for  months,  and  that  they  multiply  upon  boiled, 
potato.  It  has  also  been  shown  by  an  extended  series  oi  experiments 
that  they  may  remain  alive  in  the  soil  for  from  one  to  four  months. 
The  sources  of  infection  are  thus  numerous  enough.  It  has  likewise 
been  demonstrated  that  these  disease  germs  will  resist  drying  for 
several  months.  Hence  dried  discharges  of  the  sick,  or  the  dried 
bodies  of  dead  animals,  are  still  infectious. 

The  channel  of  infection  is,  in  most  cases,  the  food  and  drink. 

This  has  been  frequently  demonstrated  and  emphasized  in  forego- 
ing reports. 

The  food,  after  leaving  the  stomach,  passes  in  a  liquid  condition 
through,  the  small  intestine,  so  that  this  never  seems  filled  ;  in  fact, 
its  only  contents  is  a  coating  of  semi-liauid  matter  oyer  the  mucous 
membrane.  It  passes  through  the  small  intestine  quite  rapidly,  but 
on  reaching  the  large  intestine  the  undigested  remains  become  more 
consistent,  because  the  liquid  is  re-absorbed  and  is  kept  here  for 
some  time.  The  bacteria,  if  not  destroyed  by  the  gastric  juice,  pass 
quickly  through  the  small  intestine,  but  in  the  large  intestine  they 
begin  to  multiply  and  attack  the  mucous  membrane,  which  they  de- 
stroy. Thus  the  feces  or  discharges  of  diseased  pigs,  wherever  de- 
posited, scatter  larger  or  smaller  quantities  of  the  virus  in  this  way, 
completing  the  circle  of  infection. 

In  order  to  prevent  the  remaining  healthy  animals  in  an  infected 
herd  from  taking  the  disease,  the  following  measures  are  suggested 
as  of  importance,  some  or  all  of  which  may  be  carried  out  according 
to  circumstances: 

(a)  Removal  of  still  healthy  animals  to  inclosed  uninfected  ground  or  pens  as 
far  as  possible  from  infected  localities. 

(h)  Destruction  of  all  diseased  animals. 

(c)  Careful  burial  or  burning  of  carcasses. 

(a)  Repeated  thorough  disinfection  of  the  infected  premises. 

(e)  Great  cleanliness,  both  as  to  surroundings  and  as  regards  the  food,  to  prevent 
its  becoming  infected. 

(a)  The  importance  of  this  measure  need  not  be  insisted  upon 
after  what  has  been  stated  of  the  various  ways  in  which  pigs  may 
be  infected.  The  distance  to  which  they  may  be  removed  will,  of 
course,  depend  on  circumstances.  They  should  be  kept  so  far  away 
that  there  can  be  no  means  of  communication  either  by  direct  con- 
tact, by  drainage  of  tlie  surface  of  the  soil,  or  by  gusts  of  wind.  They 
should  not  be  kept  too  closely  confined,  for  if  the  disease  should  liave 
attacked  one  or  more,  and  not  manifested  itself  before  removal,  the 
infection  would  become  general.  Even  after  this  precaution  is  taken, 
latent  disease  among  such  as  are  apparently  hoaithv  mav  infect  the 
new  grounds  and  the  remaining  healthy  animals.  This  clanger  is  in- 
creased by  the  fact  that  not  unfrequently  a  number  of  animals  be- 
come infected  from  the  same  source  at  the  same  time.    Some  will 
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show  symptoms  very  speedily;  in  others  the  disease  will  remain  latent 
for  a  longer  time.  Under  such  circumstances  it  is  impossible  to 
properly  isolate  the  well  from  the  sick.  Then  there  is  the  difficulty 
of  preventing  the  healthy  animals  from  carrying  the  virus  on  the 
skin  and  feet  into  their  new  quarters.  These  drawbacks  may  be  in 
part  overcome  by  very  prompt  action  when  the  first  signs  of  aisease 
appear  in  a  herd,  before  the  virus  has  had  an  opportunity  of  being 
scattered  about.  The  bodies  of  those  to  be  removed  may  be  fairly 
well  disinfected  by  pouring  over  them  a  2  per  cent,  solution  of  car- 
bolic acid,  and  forcing  them  to  walk  through  such  a  solution. 

(6)  This  measure  is/recommended  to  prevent  the  further  spread  of 
the  virus  by  the  diseased  animals.  In  view  of  the  fact  that  few  re- 
cover; that  even  these  few  are  stunted  and  of  little  value;  that  there 
is  no  reliable  means  of  treatment  which  will  eventually  cure,  destruc- 
tion of  all  sick  animals  is  the  simplest  and  most  economical  proced- 
ure in  the  end. 

(c)  The  disposal  of  carcasses  has  already  been  discussed.  This 
very  important  measure  should  never  be  lost  sight  of. 

(a)  Among  the  various  disinfectants  which  can  be  recommended 
are  the  following : 

No.  1.  Slaked  or  unslaked  lime,  used  both  as  a  powder  and  as  slaked  lime  contain- 
ing about  5  to  10  per  cent,  of  dry  lime  (from  oiie-half  to  1  pound  of  lime  to  a 
^Slon  of  water). 

No.  2.  Crude  carbolic  acid,  prepared  by  adding  to  the  crude  carbolic  acid,  obtain- 
able from  druggists  at  about  90  cents  a  gallon,  an  equal  quantity  of  ordinary  sul- 
phuric acid.  This  mixture  is  to  be  carefully  added  to  water  in  the  proportion  of  2 
ounces  to  1  gallon  of  water  (about  1^  per  cent,  by  volume). 

No.  3.  A  1  per  cent,  solution  (by  volume)  of  ordinary  sulphuric  acid  (1^  ounces  of 
the  acid  to  1  gallon  of  water). 

No.  4.  A  2  per  cent,  solution  of  carbolic  acid.  This  is  prepared  by  heating  the 
crystals  slightly  until  they  melt  and  adding  the  resulting  liquid  to  hot  water,  in  the 
proportion  of  li  ounces  to  half  a  gallon  of  water.  (A  pound  of  carbolic  acid,  crys- 
talhzed,  retails  at  55  cents.) 

No.  5.  Boiling  water. 

The  careful  laboratory  experiments  with  these  disinfectants,  upon 
which  their  practical  application  is  based,  are  given  in  the  forthcom- 
ing bulletin  on  hog  cholera.  We  shall  confine  ourselves  in  this  place 
to  a  description  of  their  employment. 

Disinfectants  are  substances  which,  in  solutions  of  a  certain 
strength,  are  capable  of  destroying  disease  germs.  Consequently 
they  should  be  applied  wherever  the  disease  germs  are  supposed  to 
be.  In  case  of  hog  cholera  they  are  attached  to  the  sides  and  floor- 
ings of  pens,  and  to  the  various  utensils  used  in  cleaning  them. 
They  are  mixed  with  the  earth  over  which  the  diseased  animals  have 
run,  or  in  the  water  which  they  have  frequented.  In  the  report  of 
the  Department  for  1886  the  use  of  mercuric  chloride  (corrosive  sub- 
limate) was  recommended,  as  it  is  a  powerful  disinfectant.  Since 
that  time  other  disinfectants  have  been  tested  which  are  equally  cheap 
and  easily  procurable.  The  main  objection  to  mercuric  chloride  is 
its  extremely  poisonous  character,  which  makes  it  undesirable  to 
deal  with  it.  This  substance  has  therefore  been  thrown  out,  in  spite 
of  its  powerful  germicide  properties,  from  our  list  of  available  disin- 
fectants. 

The  wood-work  of  pens,  fences,  flooring,  etc.,  is  best  disinfected  by 
using  upon  it,  with  a  })room,  solution  No  2,  until  thoroughly  wet. 
In  preparing  this  solution  it  should  be  stated  that  the  mixing  must 
be  done  in  a  glass  bottle  or  jar,  and  the  mixture  poured  slowly  into 
the  proper  amount  of  water  in  a  wooden  pail.    This  should  be  rinsed 
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out  after  using  to  prevent  the  acid  from  slowly  destroying  the  iron 
hoops. 

Whenever  No.  2  is  not  obtainable  No.  3  may  be  used  in  its  place, 
which  seems  to  be  equally  efficient. 

Lime  is  a  very  efficient  disinfectant  for  hog  cholera.  Experiments 
have  shown  that  a  solution  containing  only  .02  per  cent,  wul  destroy 
the  bacteria.  When  much  organic  matter  is  present,  as  much  as  .5 
per  cent,  to  1  per  cent,  may  be  necessary.  We  recommend  the  pro- 
portions given  under  No.  1,  which  ^ve  from  ten  to  twenty  times  the 
strength  required.  The  resiilting  liquid  is  not  too  thick  to  be  easily 
manipulated.  It  may  be  used  on  wood- work  ^s  a  whitewash,  and  it 
mav  be  spread  as  a  thin  layer  over  the  soil  which  has  been  infected. 

The  2  per  cent,  solution  of  pure  carbolic  acid  should  be  used  when- 
ever No.  2  may  act  injuriously  by  virtue  of  the  sulphuric  acid  which 
it  contains. 

In  general  we  recommend  the  use  of  No.  2  or  No.  3  as  often  as  it 
may  seem  necessary.  It  should  be  dashed  upon  the  infected  pens, 
troughs,  tools,  and  over  the  infected  soil.  When  there  is  no  ODJec- 
tion  to  lime  this  may  be  used  on  the  soil,  as  it  is  equally  efficient. 
The  discharges  should  be  covered  with  powdered  or  slaked  lime,  and 
this  should  be  thrown  in  abundance  into  pools,  or  wherever  water 
stagnates.  In  the  case  of  troughs  for  feed,  iron  tools,  etc.,  which  are 
liable  to  injury,  the  disinfectant  should  be  washed  away  with  boiling 
water  if  this  is  at  hand.  Boiling  water  will  destroy  hog  cholera 
germs  by  simple  contact,  and  the  aisiiif  ection  will  thus  be  made  more 
complete.  Snoes  may  be  disinfected  by  rubbing  them  with  solution 
No.  4. 

It  must  be  carefully  borne  in  mind  that  no  manure  from  sick  pigs 
should  be  removed  until  it  has  been  treated  with  disinfectants.  The 
cleaning  must  be  done  after  disinfection  and  not  before,  to  prevent 
the  dissemination  of  living  virus. 

The  agency  of  mice  and  rats  in  transporting  virus  will  depend  upon 
the  promptness  and  thoroughness  with  which  disinfection  and  cleanli- 
ness are  practiced.  Mice  are  more  dangerous  than  rats,  in  so  far  as 
they  may  take  the  disease  by  feeding.  Flies  can  only  carry  such 
small  quantities  of  the  virus  tnat  they  are  not  likely  to  prove  danger- 
ous if  aisinf ection  and  cleaning  of  feed  troughs  is  attended  to. 

If  these  measures  are  carefully  carried  out  the  disease  may  either  be 
checked  or  else  mild  cases  only  will  appear,  owing  to  the  small  quan- 
tity of  poison  which  the  animalis  are  likely  to  consume  with  the  food. 

The  epizootic  may  be  terminated  by  the  destruction  of  most  of  the 
herd.  This  unfortunately  is  usually  the  case.  What  precautions 
must  be  taken  to  prevent  subsequent  outbreaks? 

If  only  a  few  animals  remain  it  is  best  to  slaughter  them,  as  they 
are  likely  to  suffer  with  the  disease  in  a  mild  form  and  continue  to 
infect  the  premises.  If  no  more  animals  remain,  there  should  be  a 
final  thorough  disinfection  and  subsequent  cleaning  of  the  whole  ex- 
posed territory,  including  every  nook  or  corner  where  the  disease  has 
existed.  This  should  be  done  with  solution  No.  2  or  No.  3,  as  di- 
rected, used  as  freely  as  possible.  After  one  or  two  days  the  ground 
may  be  covered  with  a  tnin  layer,  one-eighth  inch  or  more,  of  slaked 
lime  in  the  strength  above  given  and  left  undisturbed.  If  there  is 
no  objection  to  whitewash  this  maybe  applied  to  infected  wood- work 
as  an  additional  safeguard.  Even  after  this  thorough  treatment  it 
is  best  not  to  place  any  fresh  pigs  on  the  premises  for  at  least  four 
months  after  the  final  disinfection.    When  animals  still  remain  that 
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have  been  exposed  and  have  not  taken  the  disease,  no  fresh  animals 
should  be  introduced  for  at  least  six  months  after  the  termination  of 
the  outbreak.     The  disinfection  must  have  been  equally  thorough. 

There  are  often  conditions  which  make  it  necessary  in  certain 
kinds  of  business  to  immediately  introduce  fresh  pigs  upon  a  place 
which  has  been  infected  with  hog  cholera.  In  such  cases,  the  de- 
struction of  all  remaining  animals  and  the  thorough  disinfection  of 
the  premises  are  the  only  things  to  be  relied  upon  to  prevent  a  fresh 
outbreak. 

Af t^r  all  this  trouble  has  been  taken,  there  is  still  remaining  the 
danger  of  a  fresh  introduction  of  the  disease,  and  we  woilld  there- 
fore again  call  attention  to  the  rules  for  prevention  which  are  given 
above.  These,  after  all,  must  be  considered  as  most  important.  It 
is  much  easier  to  keep  the  disease  away  than  to  eradicate  it  ftfter 
it  has  been  introduced,  without  great  loss  of  time  and  money.  We 
would  also  suggest  that  in  those  regions  where  the  danger  from  hog 
cholera  epizootics  is  always  present,  the  methods  of  keeping  hogs  be 
simplifiea  in  such  a  way  that  disinfection  may  be  practiced  with- 
out too  much  labor  and  uncertainty  as  to  the  results.  It  is  only 
necessary  to  visit  a  few  farms  to  be  convinced  of  the  difficulty  that  s 
may  be  met  with  in  endeavoring  to  eradicate  the  disease.  The  hogs 
are  allowed  to  stray  into  the  most  out-of-the-way  places  when  sick, 
instead  of  being  kept  in  inclosures  of  definite  form  and  size,  which 
are  readily  accessible.  The  poison  is  thus  scattered  in  such  a  way 
as  to  make  disinfection  impossible.  It  is  certainly  not  necessary  in 
raising  pigs  to  allow  them  to  stray  into  arbors,  behind  hedges,  hide 
themselves  under  barns  and  out-houses.  In  some  farms  which  we 
have  visited,  and  which  were  said  to  be  affected  with  hog  diseases 
most  of  the  year,  there  seemed  to  be  no  places  about  the  house  or 
garden  where  pigs  did  not  go.  Under  such  circumstances  disin- 
fection is  quite  impossible.  The  pens  and  other  wooden  struct- 
ures, fences,  etc. ,  are  also  apt  to  be  m  a  very  dilapidated  condition, 
so  that  cleaning  is  very  much  complicated.  Even  under  such  circum- 
stances the  germs  will  finally  perish  without  disinfection  if  enough 
time  be  given,  since  they  gradually  die  in  the  soil  and  water,  as  our 
experiments  have  shown.  A  period  of  from  six  to  nine  months  after 
all  animals  have  been  removed  will  be,  in  general,  sufficient  to  purify 
the  soil  of  these  disease  germs.  In  fact,  the  natural  spontaneous  dis- 
infection is  very  likely  accomplished  in  many  cases  in  from  three  to 
four  months,  but  it  would  not  be  safe  to  rely  upon  this. 

TREATMENT  OP  HOG  CHOLERA. 

Upon  this  subject  very  little  should  be  said,  for  the  reason  that 
diseased  animals  are  a  source  of  poison  and  a  menace  to  healthy  ani- 
mals, and  should  be  destroyed.  Moreover,  treatment  is  exceedingly 
unsatisfactory,  as  the  disease  either  terminates  fatally,  whatever  rem- 
edies are  used,  or  makes  the  animal  useless  if  it  should  recover.  We 
therefore  urgently  recommend  slaughter  of  the  sick  and  thorough 
disinfection  as  the  safest  and  most  economical  treatment  in  the  end. 

Treatment,  however,  is  resorted  to  by  a  large  number  of  owners 
of  swine.  The  number  of  specifics,  so  called,  wnich  are  being  adver- 
tised is  legion.  We  hav0  tried  some  of  the  best  recommended  and 
found  them  of  no  avail.  Nor  is  there  any  "  specific"  known  in  the 
range  of  veterinary  or  Imman  medicine  that  will  cure  diphtheritic 
and  ulcerative  disease  of  the  large  bowels  except  time,  combined  with 
careful  dieting,  rest,  and  a  few  palliatives  to  relieve  pain.     It  is  im- 


166  REPORT   OF  THE   COMMISSIONER   OP   AGRICULTURE. 

possible  to  carry  out  this  treatment  on  swine.  The  success  frequently 
reported  with  specifics  in  hog  cholera  is  very  probably  due  to  tne  fact 
that  the  treatment  is  usually  adopted  when  the  acute  outbreak  is  over 
and  the  plague  has  assumed  a  chronic  character.  The  affected  swine 
linger  for  a  time  with  very  slight  symptoms  of  disease,  and  this  change 
is  credited  to  the  "  specific  "  employed. 

Remembering  that  the  severest  injury  is  done  to  the  walls  of  the 
large  intestines  in  this  disease,  we  regarded  it  important  to  determine 
what  medicine  would  give  a  prompt  and  copious  evacuation  of  the 
bowels  in  the  very  beginning  of  the  disease.  Various  medicines  were 
tried  by  Dr.  Kilbome,  at  the  Experiment  Station,  among  others  the 
following: 

(1)  Calomel  and  jalap. — February  20,  1888,  to  No.  463,  30  grains  calomel;  No.  467, 
23  grains  jalap;  No.  468,  30  grains  each  of  calomel  and  jalap.  February  21,  same 
dose  given  again  to  Nos.  463  and  468.    No  restdt. 

(2)  Calomd, — March  7,  to  Nos.  441  and  442,  each  1  dram  of  dry  calomel.  March 
8,  to  441,  same  dose  mixed  with  castor-oil;  to  442,  about  li  drams  with  castor-oil. 

Result:  No.  441  was  freelv  purged  after  Eecond  dose,  continuing  for  twenty  to 
twenty-three  hours.  No.  442  was  freely  purged  after  sixteen  hours,  continuing 
sixteen  to  twenty  hours,  when  it  died.  At  autopsy  were  found  intense  inflamma- 
tion of  stomach ;  superficial  necrosis  of  the  mucosa  of  large  intestine,  with  deep  red- 
dening resembling  hog  cholera.  No  bacteria  found  in  cmtures  from  spleen.  This 
inflammation  was  no  doubt  due  to  the  calomel. 

(3)  Calomel, — March  8,  Nos.  463  atnd  468  received  each  1  dram  of  calomel  in  2  drams 
of  castor-oil.  No.  468  was  purged  freely  in  twenty  hours,  continuing  thirty-six 
hours.    No.  463  was  purged  m  sixteen  hours,  and  made  ill  for  several  days. 

(4)  Epsom  salts, — Nos.  403  and  405  (weight,  50  pounds)  received  each  1  ounce. 
Bowels  slightly  relaxed  for  one  or  two  passages.  Nos.  339  and  377  (weight,  50 
pounds)  received  each  2  ounces  in  water.  No.  339  was  purged  and  made  sligntly  ill. 
No  effect  on  377. 

(5)  Barhadoes  aloes. — Nos.  402  and  404  (weight,  50  pounds)  received  half  a  dram 
each.  No  effect.  Nos.  372  and  380  (weight,  65  pounds)  received  each  2  drams, 
mixed  in  molasses.  No  effect.  The  same  animals,  five  days  later,  received  each  4 
drams  with  molasses.     No  effect,  except  discoloration  of  feces. 

(6)  Castor  oilaiid  turj>entine, — Nos.  387  and  388  (weight,  50  to  60  pounds)  received 
each  \\  ounces  castor-oil  and  one-sixth  ounce  turpentine.  No  efiect.  No.  387  re- 
ceived, five  days  later,  2^  ounces  oil  and  one-sixth  oimce  turpentine.  No.  388  re- 
ceivedj  five  days  later,  2^  ounces  oil  and  one-third  ounce  tui'gentine.    No  effect. 

(7)  Linseed  oil  and  turpentine. — Nos.  383  and  399  (weight,  oO  to  60  pounds)  received 
each  2^  ounces  oil  and  one-sixth  ounce  turpentine.  No  effect.  No.  383  received, 
five  days  later,  4  ounces  oil  and  one-sixth  ounce  turpentine.  No.  399  received,  five 
davs  later,  4  ounces  oil  and  one-third  ounce  turpentine.  Both  were  made  sick  for 
a  oay  or  two.    No  catharsis. 

These  trials  show  how  difficult  it  is  to  cause  movement  of  the  large 
bowels  in  swine,  and  they  also  suggest  that  this  very  sluggishness  may 
make  them  susceptible  to  inflammation  and  ulcerations  such  as  we 
find  in  hog  cholera  and  frequently  in  swine  plague. 

It  was  our  intention  to  obtain  a  cathartic  whicn  would  freely  purge 
without  causing  any  inflammation  or  irritation  of  the  large  intestine. 
Of  those  tried,  calomel  is  the  only  available  one.  This  must  be  care- 
fully given,  as  it  may  produce  the  very  inflammation  which  it  is  de- 
signed to  check,  and  destroy  life,  as  was  actually  done  in  the  second 
experiment. 

Concerning  calomel,  Ellenberger*  says: 

Calomel  (in  combination  with  castor-oil)  is  especially  serviceable  with  swine;  with 
larger  animals  when  the  contents  of  the  intestinal  canal  are  to  be  disinfected  and 
in  inflammatory  fevers.     It  should  be  given  to  ruminants  with  the  greatest  caution. 

It  was  our  piirpose  to  try  calomel  after  having  made  these  trials 
upon  healthy  animals,  when  the  disease  died  out  at  the  Experiment 
Station  and  further  investigations  had  to  be  postponed. 

*  Lehrbuch  d,  allgemeinen  Therapie  d,  Haitssdugethiere,  1885,  p.  656. 
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If  the  large  intestine  has  been  promptly  evacuated  the  next  im- 
portant step  is  to  give  only  that  food  which  leaves  but  little  irritat- 
mg  waste  to  pass  into  the  large  bowel,  such  as  milk  and  gruels.  In 
short,  it  is  best  to  use  only  boiled  or  scalded  food  so  as  to  help  the 
process  of  digestion  as  much  as  possible.  It  may  be  necessary  to 
repeat  the  dose  of  calomel  after  a  few  days.  As  to  this  mode  of 
treatment  our  experience  is  not  sufficient  to  warrant  any  positive 
statements,  and  it  is  simply  suggested  to  those  who  wish  to  run  the 
risk  of  treating  this  disease. 

There  is  another  line  of  preventive  and  curative  treatment  which 
may  prove  valuable  in  the  future,  namely,  the  feeding  of  substances 
with  the  daily  food  which,  while  not  injurious  to  the  animal  itself, 
may  keep  in  check  the  multiplication  of  the  virus  in  the  intestine  by 
an  antiseptic  action.  It  is  very  important,  however,  to  bear  in  mind 
that  a  large  number  of  those  medicines  which  act  as  disinfectants 
and  antiseptics  are  likewise  injurious  or  even  poisonous  to  the  ani- 
mal itself.  A  too  abundant  feeding  of  such  material,  while  it  may 
reduce  the  mortality  and  lessen  the  severity  of  the  disease  in  the 
sick,  is  liable  to  cause  injury  to  liver,  kidneys,  and  other  vital 
organs  whereby  the  nutrition  of  the  animal  may  be  permanently  in- 
jured. Such  medicines,  when  carelessly  given  to  healthy  animals 
as  preventives,  may  irritate  the  large  bowel  sufficiently  to  reduce 
its  vitality  and  power  of  resistance  when  the  disease  actually  appears. 
The  proper  medicine  to  feed  must  therefore  be  selected  witn  care, 
and  we  trust  that  experiments  to  this  effect  may  be  carried  on  at  the 
Experiment  Station  at  an  early  date. 

There  is  another  line  of  treatment  which  demands  attention,  namely, 
the  introduction  of  a  sufficient  amount  of  some  disinfectant  into  the 
body  to  be  absorbed,  and  thus  to  make  the  whole  body  oppose  the 
multiplication  of  bacteria.  Koch  tried  this  method  by  injecting 
mercuric  chloride  into  guinea-pigs  and  afterwards  inoculating  them 
with  anthrax  bacilli.     The  animals  all  took  the  disease  and  died. 

At  the  laboratory  of  the  Bureau  mercuric  iodide,  a  still  more  pow- 
erful disinfectant,  was  tried  upon  rabbits.  A  solution  was  prejpared 
containing  .001  gram  mercuric  iodide  and  .002  gram  potassic  iodide 
in  a  cubic  centimeter.  Of  this  .5  cubic  centimeter  was  injected  be- 
neath the  skin  of  the  back  of  four  rabbits  (Nos.  1,  2,  3,  and  4^  for 
eight  successive  days.  On  the  third  day  Nos.  1,  2,  and  3,  and  a  tresh 
rabbit  (check).  No.  5,  received  hypodermically  into  the  inner  surf  ace 
of  the  thigh  i  cubic  centimeter  of  liquid  containing  .000001  cubic 
centimeter  of  a  beef-infusion  culture  of  hog  cholera  bacteria  one  day 
old.  All  the  inoculated  rabbits  died,  the  dates  being  ^ven  in  the 
appended  table.  Rabbit  No.  4,  which  had  received  the  iodide  only, 
to  observe  any  poisonous  effect,  remained  well.  The  lesions  were 
those  of  hog  cholera  and  the  specific  bacteria  were  present  in  the  spleen. 
The  total  amount  of  the  iodide  given  was  .004  gram,  about  one- 
sixteenth  gniin. 


Rabbit  No. 


Inoculated  with 
xJIx»iuiao)-  I        bacteria. 


Remarks. 


1  '  June  22  to  ay.  inclusive  ...  I  June  24 Died  June  30. 

2  I <!<> do '  Died  July  3. 

3  I do do Died  July  6. 

do 


5 


June  24 


Died  July  3. 
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At  the  same  time  healthy  pigs  were  fed  with  the  same  substance 
in  minute  doses  to  observe  any  toxic  effect  that  might  appear. 
These  experiments  were  likewise  interrupted  in  their  application  by 
the  disappearance  of  the  disease  at  the  beginning  of  the  year.  While 
we  therefore  recommend,  in  general,  the  use  of  a  purgative,  such  as 
calomel,  in  the  beginning  of  the  disease,  and  careful  feeding  subse- 
quently, we  have  as  yet  no  actual  experimental  evidence  that  such 
treatment  will  be  of  any  avail,  owing  to  the  frequent  interruptions 
of  the  work. 


HOG  CHOLERA  IN  SWEDEN  AND   DENMARK. 

In  the  fall  of  1887  a  disease  closely  resembling  hog  cholera  ap- 
peared in  Sweden  among  swine,  whicn  rapidly  spread  from  place  to 
place,  showing  itself  very  fatal,  and  causing  alarm  and  consterna- 
tion among  the  agricultural  population.  The  disease  invaded  the 
territory  of  Denmark,  where  stringent  measures  were  adopted  to 

Erevent  its  further  spread.  The  following  communication,  received 
Y  the  Department  of  State  from  our  consul  at  Copenhagen  and 
kindly  forwarded,  may  serve  to  illustrate  the  measures  employed  by 
the  authorities  to  checK  the  epizootic.  After  giving  briefly  the  symp- 
toms of  the  disease  and  the  lesions  caused  thereby,  Mr.  M.  B.  Ryder 
continues  as  follows  : 

The  very  prompt  and  stringent  measiires  taken  by  the  Danish  Government,  it  is 
to  be  ho]3ed,  wiU  be  the  means  of  localizing  as  weU  as  of  effectuaUy  stamping  out 
this  malignant  pest.  For  example,  circulars  have  been  sent  from  the  home  de- 
partment to  all  the  sheriffs  throughout  the  Kingdom,  instructing  them  to  make 
publicly  known  that  all  persons  who,  within  the  last  two  months,  may  have  pur- 
chased hogs  or  young  pigs  from  Copenhagen  or  in  its  vicinity  should  immediately 
give  notice  thereof  so  that  their  entire  herds  might  be  submitted  to  veterinary  in- 
spection. Furthermore,  an  ordinance  has  been  issued  strictly  prohibiting  all  trans- 
port of  live  hogs  or  young  pigs  from  one  district  to  the  other,  and  that  no  removal 
of  the  animals  shall  be  made  from  their  present  dwellings,  excepting  by  special 
permission  for  the  purpose  of  inunediate  slaughter ;  and,  lastly,  power  has  been 

fiven  to  all  the  police  authorities,  on  any  suspicion  of  disease,  to  order  the  imme- 
iate  slaughter  of  the  animals,  and  sl  post-mortem  examination  of  the  carcass  to  be 
made  by  tne  veterinary  officials  ;  and  on  the  appearance  of  the  disease  in  any  lo- 
cality under  their  iunsdiction  to  order  the  immediate  slaughter  of  a  part  or  the 
entire  herd  as  may  be  deemed  necessary. 

It  is  thus  to  be  hoped  that  by  these  measiures  further  spread  of  the  disease  may 
be  arrested.  It  is,  however,  much  to  be  feared  that,  in  addition  to  the  losses  en- 
tailed upon  the  Kingdom  in  the  destruction  of  animals  in  the  course  of  the  disease, 
the  sorely  tried  farmers  in  these  days  of  agricultural  depression  will  also  be  sub- 
jected to  material  loss  in  a  diminished  sale  to  foreign  countries  of  their  swine 
groducts.  An  order  has  already  been  issued  by  the  (lerman  Federal  Ck)uncil  pro- 
ibiting  all  importation  into  the  (German  Empire  of  swine,  pork,  and  sausages  from 
Sweden,  Norway,  and  Denmark,  which  will  be  most  seriously  felt  by  the  agricult- 
ural interests,  as  the  exports  of  live  hogs  and  young  pigs  are  almost  entirely  di- 
rected to  Germany,  whilst  the  exports  of  pork  and  hams  are  mainly  forwarded  to 
Great  Britain,  as  will  be  seen  by  the  following  tables,  namely  : 


Live  hogs  and  pigs  to— 

1881-'85.* 

1885.* 

Pork  and  hams  to- 

l881-*85.* 

1886.* 

Germany head . . 

Norway do. . . 

Great  Britain do. . . 

Holland do. . . 

276,166 
6,844 
2,895 
1,243 

192,273 
4,704 

128 

1 

Great  Britain . .  .pounds. . 

Germany  . .  do 

Sweden do 

Norway do 

12,660,000 
2,980,000 
8,970,000 
1,200,000 

20.240,000 

7,180,000 

3,030,000 

700,000 

♦Average. 

From  the  foregoing  figures  full  evidence  is  afforded  that  whilst  the  exports  of 
live  stock  have  met  with  considerable  decline  in  the  latter  years,  a  great  mcreasc 
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has  taken  place  in  the  exports  of  swine  products,  due  to  the  lar^  number  of 
slaughter  and  salting  establishments  which  have  been  erected  in  this  country  for 
the  development  of  the  pork,  bacon,  and  ham  trade  with  England,  and  thus  the 
loss  to  the  agricultural  interests  it  is  to  be  hoped  will  not  be  quite  so  severely  felt  as 
would  have  been  the  case  in  former  years  imder  similar  unfortunate  conditions,  and 
it  is  scarcely  to  be  feared  that  England  will  li^^ewise  i)lace  obstacles  in  the  way  of 
the  free  imports  of  the  products  into  her  ports ;  for  inasmuch  as  the  imports  of 
swine  into  Great  Britain  from  this  country  nave  for  some  time  only  been  admitted 
in  slaughtered  condition,  and  setting  apart  the  facts  that  swine  in  mature  stage  for 
slaughter  are  far  less  exposed  to  this  disease  than  young  pi^,  there  will  be  found 
at  the  same  time,  under  the  close  inspection  which  has  be^  introduced  throughout 
tJie  Kingdom,  and  the  energetic  steps  taken  by  the  authorities  in  all  cases  of  sus- 

Eicion,  an  almost  certain  probability  that  no  pork  from  a  diseased  animal  can  ix>ssi- 
ly  be  exported.  The  sale  of  swine  products  for  home  consumption  plays  likewise 
a  very  important  part ;  and  it  is  here  a^in  to  be  feared  that  restrictea  sales  will  be 
sensibly  felt  until  the  temporary  scare  m  partaking  of  swine  flesh  has  had  time  to 
subside. 

In  order  that  the  energetic  measures  taken  by  the  Government  for  the  stamping 
out  of  the  plague  may  be  crowned  with  full  success  it  will  be  necessary  that  tlio 
agriculturists  should  give  at  the  same  time  a  loyal  support  to  the  issued  instructions, 
and  work  hand  in  hand  with  the  authorities.  He  who  may  delay  in  reporting  or 
may  attempt  to  conceal  any  disease  or  suspicion  of  disease  that  ma^  show  itseu  at 
his  place  will  simply  be  committing  a  crime  against  the  class  to  which  he  belong ; 
and  honesty  in  this  as  well  as  in  other  cases  will  be  found  the  best  policy ;  lor 
whereas  he  who  reports  the  breaking  out  of  disease  amongst  his  flock  will  receive 
two-thirds  of  the  value  of  the  slaughtered  diseased  animals,  and  full  compensation 
for  the  slaughtered  sound  ones,  the  dishonest  party  will  incur  not  only  risk  of 
confiscation  of  the  diseased  meat  offered  by  him  for  sale,  but  will  also  render  him- 
self liable  to  heavy  fines.  The  closing  of  Germany  to  the  importation  of  these 
products  undoubtedly  can  not  fail  to  entail  severe  loss  upon  the  agricultural  classes : 
but  if  success  can  only  attend  the  stringent  measures  adopted  for  preventing  the 
further  spread  of  the  disease,  it  must  be  hoped  the  prohibition  will  be  of  short  dura- 
tion, and  that  agricultural  interests  will  soon  recover  from  the  blow  ;  but  should 
the  devastating  plague  on  the  other  hand  spread  over  the  whole  Kingdom,  it  will 
be  nothing  short  of  a  national  calamity,  the  destructive  effects  of  which  will  long 
be  felt,  as  will  easily  be  understood  from  the  following  table  of  the  number  of  hogri 
and  young  pigs  to  be  found  in  the  Kingdom  under  census  of  18dl,  viz : 


Toimg  plgi. 


In  the  islands head . 

In  Jutland do. . . 

Total. do... 


727,691 


Great  responsibility  will  thus  rest  not  only  upon  the  veterinary  and  police  author^ 
ities,  but  also  upon  the  agriculturists,  in  devoting  all  possible  energy  in  their  mutual 
exertions  to  prevent  the  further  spread  of  this  dreaded  eviL 

The  disease  is  supposed  to  have  been  introduced  into  Sweden 
by  boars  imported  from  England  for  breeding  purposes.  Thence 
it  was  carried  to  Denmark,*  in  which  country  it  first  appeared  on 
the  dumping  grounds  near  Copenhagen,  on  which  numbers  of  swill- 
fed  pigs  were  kept. 

Chiefly  young  pigs  up  to  the  age  of  four  months  were  attacked,  the  period  of  in- 
cubation lasting  from  five  to  twenty  days.  The  infected  animals  refused  food 
and  were  at  first  constipated.  Later  on  diarrhea  set  in,  characterized  by  the  dis- 
charge of  yellow  putrid  masses,  frequently  mixed  with  blood.  The  temporaturo 
often  rose  to  105"  and  lOT-S**  F.  The  animals  were  indifferent  to  surroundings. 
Tail  and  head  drooping.  Conjunctiva  reddened,  frequentlv  glued  together  with 
dried-up  mucus.  Respiration  in  many  cases  quickenea  and  labored.  Occasionally 
a  muco-purulent  discharge  from  the  nose.    Not  infrequently  reddening  in  patehes 

♦  Schiitz :  Die  Schiveinepest  in  Ddtiemark,  Arch.  /.  wi88.u.pra]et.  TJiierTieUhundef 
XIV,  1888,  p.  376. 
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was  observed  on  the  ears,  snout,  abdomen,  about  the  anus  and  inner  sides  of  thighs. 
The  animals  became  very  weak  ;  posterior  part  of  body  swayed  in  moving.about. 
They  concealed  themselves  in  the  bedding,  and  finally  were  imable  to  rise.  Death 
followed  insensibility  and  convulsions. 

A  characteristic  sign  of  this  plague  were  diphtheritic  chtfnges  on  the  apex,  sides, 
and  under  surface  of  the  tongue,  as  .well  as  on  the  mucous  membrane  of  tne  cheeks, 
hard  and  soft  palate,  and  the  tonsils.  On  these  parts  grayish-white  or  yellowish 
opaque  patches  appeared, which  were  sharply  defined,  and  were  converted  later  into 
ulcers  by  removal  of  the  slough. 

In  one  herd  the  teats  of  several  sows  were  affected  with  dark-gray,  sloughing 
sores,  with  infiammation  of  the  udders.  These  were  infected  from  the  diphtheritic 
sores  in  the  mouths  of  the  sucking  pigs.  In  Denmark  the  disease  was  fii-st  recog- 
nized in  this  way.  The  acute  disease  lasted  from  five  to  eight  days,  but  sometimes 
death  occurred  sooner  than  this. 

The  disease  appeared  in  Denmark  in  September.  In  December  the  plague  took 
on  a  more  chronic  character  and  became  less  infectious.  The  infected  animals  fre- 
quently showed  no  indications  of  disease,  only  they  were  smaller  and  thinner  than 
others  of  the  same  age.  There  was  occasionally  coughing  and  diarrhea.  Some  re- 
covered ;  others  perished  by  a  gradual  wasting  away.  The  post-niortem  appearances 
were  very  characteristic.  The  large  intestihe  was  attacked  in  every  animal,  and  in 
acute  cases  the  small  intestine  and  stomach  likewise  were  reddened  and  swollen,  and 
the  surface  in  part  covered  with  a  thin  lajer  of  a  grayish-white  or  grajdsh-yellow 
soft  mass,  which  consisted  of  fibrin.  This  same  layer  was  very  thick  m  the  large 
intestine,  easily  lifted  away  in  toto  in  some  places;  in  others  the  attachment  was 
firmer  (diphtheritic).  In  other  acute  cases  there  was  simply  reddening  and  swelling 
of  the  mucosa  of  stomach  and  small  intestine,  and  diphtheritic  changes  in  the  large 
intestine,  the  fibrinous  exudate  being  absent.  Moreover,  the  follicles,  Peyer's 
patches,  and  mesenteric  glands  were  always  tumefied. 

Tlie  seat  of  the  diphtheritic  process  was  the  whole  large  intestine,  more  especially 
the  csBcum.  The  follicles  and  Peyer's  patches  were  nearly  always  affected.  The 
ulcers  appeared  wh^  the  slough  had  come  away.  In  the  place  of  the  follicles  but- 
ton-like sloughs  were  formed,  which  ^adually  invaded  the  whole  thickness  of  the 
wadl,  spread  laterally,  and  ran  together  mto  larger  patches.  The  wall,  thus  converted 
into  a  cheesy  mass,  was  frequently  one-fifth  to  two-fifths  of  an  inch  thick,  on  the 
surface  irregular,  colored  yellow,  brown,  or  green.  Hemorrhage,  due  to  the  ulcer- 
ation, was  oDserved  in  one  case. 

In  many  animals  the  lungs  were  liealthy.  In  some  a  muco-purulent  catarrh  of 
the  broncni  was  present,  which  caused  atelectasis  in  one  or  more  places  with  young 
and  weak  animals.  Usually  the  ventral  and  anterior  lobes  were  affected.  In  the 
diseased  lobes  homogeneous,  cheesy  masses  api)eared  later,  sometimes  as  large  as  a 
walnut.  These  masses  led  subsequently  to  inflammation  and  adhesion  of  the  pleura 
to  chest-wall,  pericardium,  etc.  The  spleen  was  not  changed  as  a  rule.  In  a  few 
cases  only  it  was  somewhat  enlarged,  soft,  dark  red. 

When  we  compare  these  lesions  with  those  found  in  our  country 
we  observe  the  absence  of  hemorrhagic  lesions  and  enlargement  of 
the  spleen  and  the  presence  of  more  marked  exudative  and  diphther- 
itic changes  in  the  large  intestine.  In  numerous  sections  of  ulcerative 
changes  we  have  not  observed  any  relation  between  these  and  the ' 
follicles.  The  lung  lesions  correspond  closely.  •  Whether  they  are 
due  to  the  disease  or  not  must  be  left  undecided.  We  have  frequently 
seen  caseous  changes  in  the  lungs  of  animals  free  from  infection, 
and  they  are,  perhaps,  due  to  collapse,  broncho-pneumonia,  and  sub- 
seauent  interference  of  the  circulation  rather  than  to  the  direct  action 
of  oacteria. 

The  specific  bacteria  which  are  the  cause  of  the  swine  disease  are 
described  briefly  by  Selander,*  and  according  to  his  description 
they  closely  resemble  hog  cholera  bacteria  in  form,  motility,  growth 
in  gelatine,  and  appearance  in  tissue.  Their  growth  on  potato  is  said 
to  resemble  that  of  the  bacilli  of  typhoid  fever  in  man,  and  thus  to 
differ  from  hog  cholera  bacilli,  f    Their  effects  on  the  lower  animals 

* Centrablatt  f.  Bakteriologie,  etc.,  1888,  i,  362. 

t  The  chemical  reaction  of  the  potato  surface,  which  varies  consi'.ierably,  fre- 
quently determines  the  nature  of  the  growtli  Cultures  of  hog  cholera  bacilli  on  po- 
tato scarcely  visible  may  be  made  very  vigorous  by  making  the  potato  alkaline. 
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correspond  also,  although  the  descriptions  are  too  brief  for  careful 
comparison.  There  is  no  mention  of  the  coagulation  necrosis,  found 
constantly  in  the  liver  of  rabbits  inoculated  with  American  hog  chol- 
era. 

In  the  beginning  of  the  present  year  (1888),  Dr.  John  Lundgren, 
professor  of  veterinary  medicine  in  the  University  of  Stockholm,  was 
sent  by  the  Swedish  Government  to  study  swme  diseases  in  this 
country.  He  spent  several  weeks  in  thfe  laboratory  of  the  Bureau, 
studying  the  bacilli  of  hog  cholera.  A  culture  of  tne  swine  pest  ba- 
cilli from  the  Swedish  epizootic  was  at  that  time  subjected  to  a  care- 
ful examination. 

In  gelatine  the  swine  pest  germ  grows  in  general  like  hog  cholera 
bacilli.  On  the  surface  of  the  gelatine  the  growth  is  very  thin,  trans- 
lucent, of  a  pearly  luster,  and  spreads  more  rapidly  than  the  hog  chol- 
era growth.  On  agar-agar  the  growth  is  more  abundant  and  more 
rapid.  Beef  infusion,  with  or  without  peptone,  is  converted  into  a 
very  turbid  liquid  within  twenty-four  hours  at  95"  F.,  while  hog 
cholera  cultures  are  barely  opalescent  at  that  time,  and  remain  so. 
Two  mice  were  inoculated  from  an  agar-agar  culture  of  the  Swedish 

germ  under  the  skin  of  the  back.  Both  were  slightly  ill  next  day. 
In  the  second  day  one  was  found  dead.  The  cultures  from  it  remained 
sterile.  It  probably  died  from  some  other  cause.  The  second  mouse 
remained  well.  On  a  rabbit  the  effect  was  equally  negative.  No  rab- 
bit survives  inoculation  with  hog  cholera  bacteria. 

The  effect  of  both  germs  on  pigs  was  next  tried.  Two  Erlenmever 
flasks,  containing  each  about  300  cubic  centimeters  (two-fifths  pintj  of 
sterile  bouillon,  were  inoculated,  one  with  the  American,  the  otner 
with  the  Swedish  germ,  and  placed  in  the  thermostat  at  95°  F.  On  the 
following  day  both  flasks  were  clouded;  the  Swedish  culture  was  cov- 
ered by  an  iridescent,  very  thin  membrane.  A  comparative  micro- 
scopic examination  showed  the  Swedish  bacteria  to  be  nearly  twice  as 
large  as  the  American ;  their  movement  was  far  less  active  than  that 
of  the  latter. 

On  the  same  day  two  pigs,  starved  for  about  twenty-four  hours, 
were  fed  with  these  cultures  by  drenching,  i,  e, ,  the  li(]^uid  was  poured 
into  the  mouth  so  that  none  was  lost.  The  pig  fed  with  the  Swedish 
culture  showed  no  signs  of  disease  at  any  time  after.  The  other  pig, 
on  the  fourth  day,  had  a  very  liquid  diarrhea,  and  was  found  oead 
the  next  morning.  On  examination,  the  spleen  was  found  gorged 
with  blood,  but  only  slightly  enlarged.  Mesenteric  glands  enlarged 
and  reddened.  Stomach  and  ileum  intensely  inflamed  (enteritis); 
grayish  masses  (diphtheritic)  attached  in  patches.  The  ileum  was 
invaginated  and  projected  for  2^  inches  into  the  caecum;  mucosa  of 
this  portion  necrosed;  walls  infiltrated,  thickened,  and  ecchymosed. 
In  the  caecum  the  mucosa  was  covered  by  a  very  thin  slough.  In  the 
colon  the  membrane  was  deeply  reddened,  covered  by  a  catarrhal  exu- 
date and  dotted  with  numerous  very  minute  ulcers.  Heart  and  lungs 
normal.  Roll  cultures  in  gelatine,  as  well  as  liQJiid  cultures  from  the 
spleen,  contained  only  hog  cholera  bacteria.  The  invagination  was 
very  likely  the  result  of  the  violent  inflammation. 

These  comparative  experiments  show  that  the  two  germs,  though 
very  much  alike  in  appearance,  were  quite  different  with  reference 
to  their  pathogenic  effect.  Professor  Lundgren  was  inclined  to  the 
opinion  that  ho  had  taken  the  wrong  culture  on  leaving  his  native 
country.  It  may  also  not  be  improbable  that  this  was  the  true  germ 
attenuated  on  the  way  hither.    As  no  communication  has  been  re- 
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ceived  from  him  since  his  visit  here,  the  question  must  remain  an 
open  one. 

.     FRANCE. 

During  the  summer  of  1887  a  disease  was  introduced  into  the  vicin- 
itjr  of  Marseilles  by  swine  from  Africa,  which  developed  into  an 
epizootic  of  a  very  fatal  character.  It  caused  great  losses  in  the 
south  of  France,  and  at  the  time  scientific  men  were  sent  from  Paris 
by  the  Government  to  investigate  the  cause  and  suggest  a  remedy 
if  possible.  According  to  Rietsch,  Jobert,  and  Martinand  *  the  dis- 
ease is  chiefly  restricted  to  the  intestinal  tract,  lasting  from  ten  to 
twelve  days  after  the  first  symptoms  have  appeared.  Occasionally 
it  may  last  but  three  or  four  days,  or  be  prolonged  to  several  weeks, 
but  it  is  quite  invariably  fatal.  Sometimes  there  is  diarrhea,  some- 
times constipation  ;  the  fever  is  not  constant,  the  cough  very  rarely 
heard.  The  hind  limbs  are  weak,  the  walk  tottering.  Appetite  often 
persists  to  the  end.  The  skin  may  become  reddened  m  spots,  es- 
pecially on  the  limbs  and  ears.  Pigs  over  a  year  pld  are  much  less 
susceptible. 

At  the  autopsy  the  lunss,  liver,  kidneys,  and  spleen  are  usually 
found  unchanged,  and  the  disease  limited  to  the  digestive  tract.  The 
stomach  and  the  small  intestine  near  the  valve  are  ulcerated.  Ulcers 
are  present  in  the  large  intestine  on  the  valve,  in  the  caecum  and 
colon.  They  may  measure  3  to  4  inches  in  diameter.  In  animals 
affected  witn  a  chronic  form  of  disease  there  may  be  ulcers  on  the 
inferior  surface  of  the  tongue  and  on  the  inner  aspect  of  the  lips. 
The  internal  organs  are  free  from  bacteria.  But  from  the  contents 
of  the  intestine  and  the  ulcers  a  motile  bacillus  was  obtained.  Mice 
are  killed  in  ten  days  after  subcutaneous  inoculation  with  cultures 
of  this  organism.  Of  ten  adult  mice  fed  with  cultures  two  died  in 
fifteen  days.  Of  ten  young  mice  all  died  when  fed,  the  first  in  thirty 
hours  ;  the  others  in  fifteen  to  twenty-three  days.  Rabbits  are  but 
slightly  susceptible.  A  young  guinea-pig  fed  with  cultures  died 
twenty-two  days  later.    The  intestine  showed  characteristic  uJcers. 

Dr.  Rietsch  very  kindly  sent  to  the  Bureau  a  culture  of  the  germ 
which  he  found.  It  was  compared  with  the  American  hog  cholera 
germ  and  the  following  characters  determined: 

The  motile  bacilli  of  the  same  form  as  hog  cholera  bacilli,  but  larger, 
grow  far  more  abundantly  and  rapidly  in  beef  infusion.  A  thin 
membrane  and  a  copious  deposit  are  produced  in  a  few  dg^s,  and  the 
liquid  becomes  very  turbid.  On  gelatine  the  colonies  differ  slightly 
from  those  of  hog  cholera.  The  surface  colonies  spread  in  thin 
iridescent  patches  from  2  to  5  millimeters  in  diameter.  In  tube 
cultures  the  isolated  deep  colonies  grow  to  about  one-third  milli- 
meter in  diameter.  On  the  surface  the  growth  is  rapid  and  spreads 
over  the  greater  part  of  that  which  is  available.  The  patch  pro- 
duced is  whitish,  uniform  in  thickness,  very  irregular  m  outline, 
inclosing  round  spaces  of  uncovered  gelatine.  In  tne  bottom  of  the 
tube  a  few  air  bubbles  appear.  On  potato  the  growth  forms  a  glis- 
tening, pale  yellow  patch  at  the  ordinary  temperature. 

Thus  they  resemble  the  Swedish  germs  very  closely,  differing  by 
so  much  from  hog  cholera  bacilli.  A  rabbit  and  two  mice  inocu'ated 
with  the  Marseilles  germ  remained  well.  Equally  so  a  pig  fed  with 
400  cubic  centimeters  (four-fifths  pint)  of  a  beef-infusion  peptone 
culture.  

*  Compt,  Bend.  Acad,  Sciences,  Jan.  28, 1888. 
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So  far  as  our  examination  of  the  Swedish  and  Marseilles  cultures 
have  gone,  it  has  shown  them  identical  both  as  regards  their  positive 
and  negative  characters.  They  differ  from  hog  cholera  "Bacteria 
enough  to  constitute  at  least  a  variety.  But  the  investigations  of 
French  savants  of  this  Marseilles  epizootic  differ  somewhat  as  to  the 
cause. 

Cornil  and  Chantemesse  *  described  a  disease  discovered  among 
swine  in  the  vicinity  of  Paris  which  they  consider  identical  with  the 
German  Sclnveineseuche  and  our  swine  plague.  Subsequent  experi- 
ments f  to  determine  the  biological  properties  of  the  bacteria  causing 
the  disease  show  that  they  are  not  dealing  with  the  true  swine-plague 
germ  (certainly  not  as  wo  have  observed  it  in  this  country),  but  with 
one  resembling  more  nearly  hog  cholera.  Their  researches  concern- 
ing vaccination  are  reported  to  have  been  successful  on  rabbits  and 
guinea-pigs,  but-  since  that  time  nothing  has  been  published  concern- 
experiments  on  pigs. 

While  Rietsch  and  Jobert  X  come  to  the  conclusion  that  the  Mar- 
seilles disease  resembles  hog  cholera  closely,  Cornil  and  Chantemesse 
regard  it  identical  with  swine  plague,  although  the  germ  they  de- 
scribe is  not  identical  with  the  swine  plague  germ,  as  studied  in  Ger- 
many, and  in  the  United  States.  § 

It  is  interesting,  in  this  connection,  to  trace  the  march  of  infection 
in  the  south  of  France,  as  reported  to  the  French  Academy  by 
Fouque,  ||  as  an  excellent  illustration  of  the  ways  by  which  infectious 
diseases  may  be  scattered  broadcast  over  a  country : 

The  disease  did  not,  as  was  supposed,  appear  in  Marseilles  toward  the  end  of 
June,  but  in  the  month  of  April,  and  I  have  been  able  to  locate  three  entirely  dis- 
tinct centers  of  the  outbreak  due  to  the  same  cause — the  introduction  of  Amcan 
swine.  These  three  centers  are :  The  village  of  Caillols,  midway  between  Aubaene 
and  Marseilles  ;  the  village  of  Sainte  Marthe,  6  kilometers  northeast  of  Marseifles, 
and  the  herds  of  the  Mediterranean  distilleries. 

(1)  PYom  the  10th  to  the  15th  of  April  a  breeder  of  Caillols  received  a  drove  of  black 
swine  from  the  province  of  Orans  (Algiers).  From  the  first  week  some  cases  of 
pneumonia  showed  themselves  among  the  last  animals.  The  disease  gained  rapidly, 
causing  many  deaths.    The  survivors  were  sold  on  the  4th  of  May  following. 

On  the  8th  of  June  the  same  piggeries  were  restocked,  partly  with  African  and 
partly  with  Russian  swine.  Towards  the  end  of  the  month  there  were  cases  of 
pneumonia.^  The  Russian  swine  resisted  less  than  the  others.  August  16  tiie  pig- 
gery was  again  emptied.  Finally,  during  September,  the  third  attempt  was  made, 
exclusively  with  African  swine.  This  also  proved  a  failure.  The  survivors  were 
sold  in  October. 

During  this  time  the  disease  reached  the  neighboring  piggeries,  stocked  with  a 
mixed  Marseilles  breed.  The  breeders  of  Caillols,  alarmed  by  the  ravages  of  an 
epizootic,  the  nature  and  cause  of  which  they  did  not  know,  decided  to  sell  out  at 
any  price.  The  neighboring  localities.  Saint  Marcel,  Saint  Loup,  San  Juan-du- 
Desert,  etc. ,  were  successively  infected.  Infection  was  spread  by  the  sales  and  ex- 
changes of  sick  and  suspected  animals,  by  means  of  traiisportation  (carts  often 
used  in  common  by  several  establishments  soiled  by  the  dejections  of  the  sick,  and 

♦  Compt.  Rend.  Acad,  Sciences^  1887,  cv,  p.  1281. 

tL.  c,  1888.,  cvi,  p.  612. 

tL.  c,  p.  1096. 

^  In  a  recent  review  of  the  reports  of  the  Bureau  of  Animal  Industry  by  Duclaiix 
(Annales  de  Tlnstitut  Pasteur,  July,  1888)  the  reviewer  regards  this  disease  as  iden- 
tical with  hog  cholera,  and  states  that  Cornil  and  Chantemesse  had  at  first  over- 
looked the  mottlity  of  the  germ  they  were  studying,  a  rather  unpardonable  bit  of 
carelessness. 

|L.  c,  p.  670. 

^  The  writer  calls  the  disease  infectious  pneumonia  for  want  of  a  better  term,  al- 
though Rietsch  distinctly  states  the  intestmal  nature  of  the  malady.  Fouque  was 
no  doubt  led  astray  by  the  early  misleading  notices  of  Cornil  and  (Jhantemesse* 


174       rj:port  of  the  commissioner  of  agriculture, 

afterward  used  to  transport  healthy  aniinals  and  their  feed),  and  also  by  the  lateral 
canal  of  Huveaune,  which  receives  at  certain  points  running  water  coming  from 
the  grounds  on  which  the  piggeries  are  located. 

At  the  beginning  of  September  all  the  valley  of  Huveaune,  from  Aubagne  as  far 
as  Marseilles,  was  infected.  Diseased  pigs  from  this  region  we  meet  again  in  the 
market  of  Aubagne,  at  the  fair  of  September  21,  and  which  became  later  on  the 
most  active  agents  in  spreading  the  disease  in  the  departments. 

(2)  Toward  the  middle  of  the  month  of  August  the  disease  appeared  in  a  piggery 
in  Sainte  Marthe,  stocked  exclusively  with  African  swine.  These  animals  came 
directly  from  Oran  without  coming  in  contact  with  any  other  of  their  species. 
Several  days  later  one  of  the  largest  breeders  in  that  vicinity,  who  for  three  months 
had  not  brought  a  single  pig  to  his  establishment,  and  whose  piggery  was  at  least 
600  feet  away  from  the  preceding  one,  sustained  a  considerable  loss,  especially  among 
the  pigs  of  130  to  175  pounds. 

(8)  Finally,  on  the  25th  of  June,  sick  pigs  came  from  Oran  to  the  piggeries  of  the 
Mediterranean  distilleries.  There  were  very  soon  a  number  of  victims  of  pneumo- 
nia, not  only  in  the  distilleries  but  also  in  the  neighborhood,  where  there  were  from 
4,000  to  5,000  in  a  comparatively  small  territory.  A  great  many  of  the  sick  died ; 
the  others  were  auickly  sent  to  different  cities  to  be  delivered  to  the  butchers.  J 
have  traced  the  history  of  six  sows  which  were  sold  from  the  midst  of  infection  to 
Estaque,  thence  they  passed  through  the  commune  Rove  and  arrived  in  August  at 
Oignac,  where  they  introduced  the  disease.  By  an  odd  coincidence,  some  sick  pigs 
from  the  same  locality  were  taken  to  the  fair  at  Aubagne  and  bought  by  a  breeder 
of  Gignac. 

The  fair  at  Aubagne,  on  September  21,  marked  the  most  important  phase  in  the 
progress  of  contagious  pneumonia  ;  during  the  first  fortnight  m  Octotfer  there  was 
a  veritable  explosion  of  the  disease,  which  up  to  this  time  had  been  scarcely  known. 

The  importation  of  the  disease  by  animals  bought  at  the  fair  of  Aubagne  can  be 
traced  with  the  greatest  precision  in  the  suburbs  south  and  north  of  Marseilles, 
also  as  far  as  Gardanne,  in  the  communes  of  Septemes,  VitroUes,  Pennes,  etc.,  to 
Gignac,  as  mentioned  above,  even  into  the  neighboring  departments,  which  con- 
tinued with  the  others  to  receive  consignments  of  Marseilles  swine.  It  is  also  nec- 
essary to  mention  Puget,  Ville  et  Grasse  among  the  localities  infected. 

In  the  beginning  of  December,  153  swine  were  shipped  from  Marseilles  to  Nice ; 
nearly  all  died  in  a  few  days.    From  that  time  cases  appeared  among  the  native 

On  December  22,  another  lot  of  188  pigs  were  shipped ;  88  were  destined  for  Nice, 
and  100  for  Italy.  These  last  were  sola  on  the  24tn,  in  the  market  of  Vintimille ; 
nearly  all  died  very  soon. 

For  several  years  Marseilles  annually  exported  to  Spain,  and  especially  to  Bar- 
celona, a  great  number  of  pigs.  Contagious  pneumonia  had  been  causing  losses 
there  for  several  months,  even,  it  is  said,  at  Majorka  in  the  Balearic  Islands.  The 
Spanish  breeders,  believing  the  outbreak  of  the  disease  with  them  was  attributable 
to  the  importation  of  French  pork,  obtained  from  the  authorities  the  permission  to 
impose  a  quarantine  of  six  days  at  Port  Bouc  on  swine  from  Marseilles,  to  begin  on 
the  1st  of  the  following  February.  This  measure  has  not  been  enforced  up  to  the 
present  day. 

From  what  has  preceded  I  believe  I  can  conclude  that  the  epizootic  of  contagious 
pneumonia  which  has  raged  during  the  year  1887  in  the  interior  of  France,  and 
which,  at  this  time,  continues  its  ravages  there,  is  of  African  origin.  It  has  been 
introduced  by  Algerian  swine  which  came  from  the  province  of  Oran.  This  disease 
has  made  20,000  victims  in  several  months  in  the  province  of  Bouches-du-Rhone. 

Pigs,  and  especially  those  from  three  to  nine  months  old,  are  of tenest  attacked ; 
larger  pigs  appear  less  susceptible.  The  Marseilles  breed,  English  (Yorkshire  and 
Berkshire),  and  the  Russian  swine  are  more  susceptible  than  the  African  swine. 

Two  months  ago  about  50  pigs  two  to  three  months  old,  coming  from  Cazeres  and 
Le  Fousseret,  in  the  arrondissement  of  Muret,  were  u?ed  to  stock  a  farm  in  Gignac. 
Tliese  pigs,  placed  in  the  pens  which  had  contained  sick  ones,  and  which  had  only 
been  very  imperfectly  disinfected,  remained  in  good  health,  while  more  than  a  hun- 
dred cases  or  contagious  pneumonia  appeared  around  them  in  the  same  piggery. 
Afterwards  more  than  2,000  Gascon  swine  Were  imported  by  the  single  commune  of 
Gignac.  Up  to  the  present  time  the  disease  has  not  re-appeared.  Are  we  here  con- 
fronted by  a  new  example  of  natural  immunity  comparable  to  that  noticed  long  ago 
by  Chauveau  in  Algerian  sheep  in  regard  to  anthrax  ? 

Taking  into  consideration  what  we  know  now  of  these  epizootics 
and  enzootics  of  swine  diseases  in  foreign  countries,  we  are  forced  to 
the  conclusion  that  the  disease  in  Sweden,  Denmark,  and  France  is 
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closely  related  to,  if  not  identical  with,  hog  cholera  as  it  is  found  in 
our  own  country. 

EXPERIMENTS  ON  THE  ATTENUATION  OP  HOG  CHOLERA  BACILLI  BY 

HEAT. 

Heat  has  been  used  by  Pasteur  in  the  attenuation  of  anthrax  virus 
])y  exposing  cultures  of  anthrax  bacilli  to  a  temperature  of  42^-43°  C. 
continuously  for  a  certain  number  of  days.  Cultures  kept  in  a  ther- 
mostat at  this  temperature  for  about  thirty-one  days  were  so  attenu- 
ated that  they  were  incapable  of  destroying  animals  larger  than  very 
young  mice.  Kept  in  the  same  conditions  for  only  twelve  days,  in- 
oculation failed  to  destroy  adult  guinea  pigs.*  Tub  former  culture 
was  denominated  the  first,  the  latter  the  second  vaccine.  To  make 
sheep  immune  they  were  inoculated  subcutaneously  with  the  first 
vaccine  and  twelve  days  later  with  the  second  vaccine.  Subsequent 
inoculation  with  strong  virus  had  no  effect  upon  the  vaccinated  ani- 
mals, although  it  was  quite  invariably  fatal  to  those  which  had  not 
been  so  treated. 

Although  Pasteur's  discovery  must  be  considered  a  scientific  event 
of  great  importance,  its  practical  application  is  by  no  means  a  per- 
fect success.  Experiments  conducted  by  Koch,  Qaffky,  and  Lomer, 
in  Berlin,  have  shown  that  the  process  of  attenuation  does  not  always 

fo  on  uniformly,  and  that  the  strength  of  the  vaccine  can  not  always 
e  relied  upon.  A  few  animals  ma3r  die  as  a  result  of  the  first  or 
second  inoculation.  This  fact  induced  the  last  international  con- 
gress of  hygiene  at  Vienna  to  adopt  the  resolution  that  anthrax  vac- 
cination should  not  be  practiced  upon  sheep  in  any  locality  unless 
the  disease  causes  a  loss  of  2  to  3  per  cent,  annually.  It  was  also 
shown  in  the  experiments  at  Berlin  that  immunity  after  vaccination 
is  not  absolutely  perfect  when  the  virus  is  introduced  with  the  food. 
This  is  perhaps  the  most  common  way  in  which  infection  takes 
place. 

The  results  obtained  by  Pasteur  are  sufficiently  valuable  to  make 
it  at  least  desirable  to  try  heat  attenuation  for  other  bacterial  organ- 
isms, although  it  does  not  follow  by  any  means  that  the  same  proc- 
ess will  suffice  for  all  or  even  a  small  number  of  disease  germs,  for 
these  differ  among  one  another  very  widely. 

Kittf  has  tried  heat  in  the  attenuation  of  the  virus  of  Black  Quar- 
ter in  Germany  by  exposing  the  diseased  muscular  tissue,  which  had 
been  thoroughly  dried  in  the  air  and  ground  to  a  fine  powder,  to  the 
steam  of  boiling  water  at  100"  C.  for  four,  five,  and  six  hours  con- 
tinuously. The  spores  of  the  l)acilli  of  this  disease  were  sufficiently 
attenuated  after  a  six  hours'  exposure  so  that  sheep  inoculated  witn 
the  powder  in  certain  doses  remained  well  after  inoculation  with 
strong  virus.  The  reaction  after  the  vaccinal  inoculation  was  very 
slight.  Hog  cholera  virus  is  destroyed  by  a  fifteen  to  twenty  min- 
utes' exposure  in  a  water  bath  at  58  C.  A  momentary  contact  with 
boiling  water  is  sufficient  to  destroy  it,  so  that  Kitt's  method  is  not 
applicable  to  it  but  only  to  bacteria  which  form  sjiores. 

Tlie  following  experiments  were  undertaken  with  a  view  to  test 
the  method  of  Pasteur  on  hog  cholera  bacilli,  and  to  obtain,  if  pos- 
sible, a  vaccine  similar  to  that  employed  in  the  prevention  of  anthrax. 
Although  only  a  preliminary  step  has  been  taken  in  this  matter,  and 

*  Compt.Bend.  Acad.des  Sdences,  March  21,  1881. 

t  Centralbl,  /.  Bakteriologie  u,  Parasitenkundef  1888,  i,  571. 
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the  promise  of  favorable  results  is  not  flattering,  we  consider  it  best 
to  publish,  the  results  thus  far  obtained. 

The  first  step  in  the  process  was  to  obtain,  if  possible,  a  cultivation 
which  should  prove  harmless  to  rabbits.  This  was  to  be  accomplished 
by  placing  tubes  in  a  thermostat  kept  at  a  certain  fixed  temperature 
as  nearly  as  possible,  and  inoculating  rabbits  from  time  to  time  to 
determine  any  diminution  in  the  pathogenic  activity. 

April  9,  1888. — Four  Salmon  tuoes  of  beef-infusion  peptone  were 
inoculated  from  an  agar-aqar  culture  of  hog  cholera  bacilli  two 
weeks  old,  and  placed  in  a  d' Arson val  thermostat,  the  internal  tem- 
perature of  which  registered  between  42°  and  43°  C.  Two  series  of 
inoculations  were  made  on  rabbits,  one  from  one  of  the  original 
liquid  cultures  at  different  intervals,  the  other  from  a  culture  re- 
newed at  the  end  of  every  five  days  by  inoculating  a  fresh  tube.  The 
result  is  most  easily  understood  by  examining  tne  following  table : 

Agar  culture. 
April  9    b.  i.  p.*      (a) 

"'I 


April  9  rabbit 
inoculated 

April  25  died 


abl 


April  14  b.  i.  p.        (a,) 

I' 


April  SO  rabbit 
May  4  died 


1 

April  19  b.  i.  p.        (a,)        April  19  rabbit  inoculated 
I  April  24  died 

April  24  b.  i.  n.        (a,) 

April  30  b.  i.  p.        (04)        April  80  rabbit 


6  died 


r 

ibbit 


May  9  ra 
May  18  died 


May  4  b.  1.  p.       (a^) 
May  9  b. 


I' 

1.  p.        (a^) 


I 

May  9  rabbit 
May  16  died 


The  first  inoculations  were  made  April  19,  with  culture  a,  which 
had  been  in  the  thermostat  ten  days,  and  culture  a^,  which  had  been 
freshly  made  on  April  14.  Both  rabbits  received  abou^  i  cubic  centi- 
meter of  the  culture  liquid  hypodermically .  Rabbit  a,  died  in  five  days 
with  extensive  coagulation  necrosis  in  liver  and  enlarged  spleen.  Rab- 
bit a  died  on  the  f  oUowing  day  with  the  same  lesions.  In  both  hog  chol- 
era bacilli  were  very  numerous  on  cover-glass  prepartions  of  spleen, 
and  obtained  pure  in  cultures.  The  same  results  were  obtained  in  all 
subsequent  cases  so  that  no  further  mention  need  be  made  of  this. 

Two  rabbits  were  inoculated  in  the  same  way  April  30,  one  from 
the  original  culture  a,  the  other  from  a,.  Both  died  May  4  and  5, 
respectively.     Lesions  the  same  as  with  the  first  pair. 

Two  rabbits  were  inoculated  May  9,  one  from  the  culture  a,  now 
thirty  days  old,  the  other  from  a^,  the  fifth  renewal  of  a.  Both  rabbits 
died  on  the  7th  and  the  9th  day,  respectively.  The  lesions  were  practi- 
cally the  same,  with  the  addition  of  slight  hemorrhagic  lesions  in  the 
intestinal  tract.    The  period  of  the  disease  was  slightly  prolonged. 

The  result  was  not  very  satisfactory,  therefore,  for  if  any  attenua- 
tion was  going  on  its  final  attainment  would  demand  too  long  a  period 
of  time.  The  experiment  was  therefore  stopped  and  another  under- 
taken. The  temperature  of  the  thermostat  was  raised  to  45°  C.  to 
hasten  the  process  of  attenuation. 

*Beef  infuslQii  plus  1  per  cent,  peptone. 
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April  83  agar  culture. 

I 

Ma7l2b.  i.  p.    (6) 


Ma7  2S  rabbit 
moculated. 
MajSOdied 


Mayl7b.l.p.    (6,) 


I 


Ip.    (6.) 


..  May  22  b. 

It  was  found  that  cultures  inoculated  from  6  failed  to  develop  at 
the  assigned  temperature,  so  that  this  experiment  was  not  continued 
any  farther.  It  deserves  to  be  mentioned,  however,  that  a  rabbit 
inoculated  from  the  original  culture  which  had  been  kept  at  46°  C. 
for  ten  days  died  seven  days  after  inoculation  with  enlarged  spleen 
and  coagulation  necrosis  in  liver. 

A  temperature  of  43^-44°  C.  was  next  chosen,  and  the  experiment 
conducted  in  the  samQ  manner,  as  the  appended  table  will  show  : 

May  16  agar  culture. 

I 

May20b.  i.  p.    (a)    (48.6*-44*C.) 


I 


June  8  rabbit 
June  14  dead. 


June  18  rabbit 


June  28  dead 


June  26  rabbit 
remains  alive 
Culture  dead 


I 


June  4  b.  i.  p.  (a,) 


June  8  rabbit 
June  15  dead 


June  8  b.  L  p.  (fails  to 

grow) 


June  18  b.  i.  p.  (a,) 


June  18  rabbit 
June  24  dead. 


June  18  b.  L  p.  (ag) 


June  26  rabbit 
July  5  dead 


I 


JJ 


June  28  guinea-pig 
July  10  dead 


June  28  b.  i  p.  (04)  (sop- 
poeed  impure,  bat 
found  pure.) 


June  28  b.  i.  p.  (a^) 


ibl 


July  10  rabbit 
(remains  alive) 


July  10  rabbit 
(remains  alive) 


July  10  b.  i.  p.  (a^ ) 
(culture  deiekl) 


May  16  agar  culture 

May  29  b.  i.  p.  (b)  (48i*-44»  C.) 
July  14  placed  at  80»-83»  C.) 


25  rabbit 


J 


July 
Ju]^80dead 

AG  88- 


I 


I 


August  4  rabbit     August  4  b.  i.  p. 
(remains  well)       (sterile) 

-12 
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The  rabbits  inoculated  from  the  original  culture,  after  remaining  at 
the  temperature  of  4:3.5°-44°  C.  for  ten  and  twenty  days,  died  from  the 
inoculation  disease,  but  those  inoculated  from  the  same  tube  after 
thirty  and  forty-three  days  remained  permanently  well.  This  was 
not  due  to  an  attenuation  of  the  culture  but  to  its  death.  Turning 
to  the  series  of  rabbits  inoculated  from  the  cultures  renewed  every 
five  or  ten  days  those  receiving  culture  liquid  ten,  twenty,  and  thirty 
days  old  died  from  the  inoculation  disease,  while  one  inoculated  after 
forty-three  days  remained  alive,  because  the  culture  was  dead,  i.  e., 
it  failed  to  fertilize  fresh  tubes  after  repeated  inoculation.  An  adult 
guinea-pi^,  inoculated  from  the  same  culture  material  thirty  days 
old,  died  ui  li  days  as  a  result  of  the  infection.  In  this  case  only  a 
few  drops  has  been  injected.  This  experiment  demonstrates  that  in 
ffeneral  the  pathogenic  power  of  hog  cholera  bacilli  is  only  destroyed 
by  the  death  of  the  organisms  themselves.  This  is  a  very  important 
fact.  It  will  be  remembered  that  in  the  attenuation  of  anthrax 
bacilli,  their  virulence  was  gradually  diminished  and  a  time  was 
reached  when  they  failed  to  kill  all  but  mice,  vv  Idle  they  still  retained 
the  power  of  multiplying  in  nutritive  liquids.  Td  the  above  experi- 
ments even  guinea-pigs,  which  are  less  susceptible  to  this  disease 
than  rabbits,  died  twelve  days  before  the  culture  was  found  dead. 
The  latter  may  have  been  aead  some  days  i)efore  this,  for  no  tests 
were  made  meanwhile. 

This  fact  has  an  important  bearing  upon  the  nature  of  the  path- 
ogenic activity  of  hog  cholera  bacilli.  It  shows  that  there  are  two 
elements  involved,  (1)  the  ptomaine  action  of  the  organism ;  (2) 
their  mechanical  effect.  That  there  is  a  ptomaine  action  of  these 
bacilli  has  been  conclusively  proved  in  the  experiments  of  the  Bureau 
made  upon  pigeons  several  years  ago.  But  this  ptomaine  action  is 
evidently  secondary  to  the  mechanical  effect  of  the  bacilli  in  forming 
plugs  or  thrombi  in  the  blood  vessels  and  thus  causing  destruction 
of  tissue  by  impeding  the  circulation.  This  tendency  to  act  me- 
chanically is  not  lost  as  long  as  the  bacilli  are  alive,  as  shown  by 
their  fatal  effect  on  rabbits  and  guinea-pigs  shortly  before  they  them- 
selves are  destroyed. 

At  the  temperature  employed  (43.5°-44°  C.)  the  original  bouillon- 
peptone  oidture  a  died  between  the  twentieth  and  the  thirtieth  day 
after  the  beginning  of  the  exposure.  The  culture  from  this,  re- 
newed at  the  end  of  every  fifth  or  tenth  day,  died  between  the  thir- 
tietli  and  forty-second  day.  Another  culture,  h  (see  table),  which  had 
been  removed  from  the  thermostat  after  the  forty-sixth  day  and  kept 
at  the  temperature  of  the  laboratory  (about  30°-33°  0.  during  July), 
was  still  fatal  to  a  rabbit  on  the  fifty-seventh  day.  Another  rabbit 
inoculated  ten  days  later  remained  well,  and  a  fresh  culture  made  at 
the  same  time  remained  sterile,  showing  that  the  apparent  immunity 
of  the  rabbit  was  due  to  the  death  of  tne  bacilli  iniected.  This  ex- 
periment also  shows  pretty  conclusively  that  the  pathogenic  power  of 
these  specific  organisms  expires  only  with  their  nf  e  and  not  long  be- 
fore. 

It  is  evident  from  our  own  experiments  and  more  recent  ones  made 
in  France  and  Germany,  and  conducted  on  the  same  lines,  that  the 
amount  of  immunity  which  we  may  expect  to  gain  from  preventive 
inoculation  will  depend  on  the  quantity  of  ptomaines  produced  by 
the  specific  microbes,  i,  e.,  upon  their  poisonous  nature.  In  other 
words,  our  success  will  depend  upon  the  relation  borne  by  the  pto- 
maine to  the  disease  process.    If  tnis  factor  is  very  great  it  is  highly 
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probable  that  preventive  inoculation  either  with  ptomaines  or  with 
attenuated  cultures  will  be  successful.  But  if  there  is,  in  addition, 
a  mechanical  element  which  may  overshadow  in  importance  the  pto- 
maine element,  the  problem  is  not  only  complicated,  but  may  fan. 

There  are  two  other  points  in  connection  with  these  experiments 
which  demand  attention.  One  is  the  variation  in  the  length  of  life 
of  the  different  cultures  exposed  to  the  same  conditions.  This  would 
be  a  serious  hindrance  in  obtaining  vaccinal  cultures  of  uniform 
strength  sliould  this  method  ever  prove  successful. 

There  was  a  noticeable  change  in  the  appearance  of  the  serial  cult- 
ures after  a  sojourn  in  the  thermostat.  There  was  a  tendency  to 
multiply  rather  more  abundantly,  to  grow  in  minute  flakes,  ^nd  to 
rise  to  the  surface  to  form  a  thin,  unbroKen  membrane.  The  motility 
was  somewhat  impaired  after  a  time.  These  changes  gave  rise  to  the 
suspicion  of  impurities,  l)ut  tests  on  gelatine  plates  showed  that  the 
suspicion  was  unfounded.  These  experiments  will  be  continued  on 
rabbits  and  pigs  under  similar  conditions  to  determine  whether  any 
immunity  can  be  produced  by  this  method. 

INVESTIGATIONS   OF  AN  OUTBREAK  OF  INFECTIOUS  SWINE  DISEASES 

NEAR  BALTIMORE,   MD.,  SEPTEMBER,    1888. 

The  practical  difficulties  in  connection  with  the  -solution  of  the 
problem  of  infectious  swine  diseases  has  been  pointed  out,  in  the  an- 
nual report  of  the  Department  of  Agriculture  for  1887,  to  be  due  to 
the  existence  of  two  diseases  producing  lesions  of  the  intestinal  tract 
which  shade  into  one  another  and  are  therefore  not  distinguishable 
by  the  naked  eye.  The  presence  of  the  specific  microbe  seems  to  be 
the  only  final  test.  As  a  rule,  however,  swine  plague  is  primarily  a 
disease  of  the  lungs,  secondarily  of  the  digestive  tract,  while  we 
have  invariably  found  hog  cholera  a  disease  of  the  intestinal  tract 
and  more  particular!  v  of  the  large  intestine,  with  unimportant  lesions 
of  the  lungs  very  likely  not  due  directly  to  the  hog  cholera  virus. 
This  difference  may  often  serve  as  a  guide  when  bacteriological  ex- 
amination can  not  be  made,  \mi  even  this  is  frequently  misleading. 
The  existence  of  extensive  lung  disease  as  the  result  of  the  polar- 
stained  swine  plague  organism  does  not  exclude  the  simultaneous  ex- 
istence of  hog  cholera.  It  is  not  an  uncommon  thing  to  find  the  le- 
sions of  both  diseases  as  well  as  the  microbes  which  produce  them  in 
the  same  animal.  The  following  cases  illustrate  tliis  condition  of 
things  very  well.  Several  pigs  from  two  separate  herds  near  the  city 
of  Baltimore,  Md.,  which  were  affected  with  some  infectious  malady 
were  examined  and  botli  hog  cliolera  and  swine  plague  germs  were 
found  in  the  same  animal.  One  of  these  animals  was  transferred  to 
the  experimental  station  at  Washington,  and  there  gave  rise  to  an 
epizootic  of  both  diseases.  The  swine  plague  soon  gave  way  to  the 
hog  cholera,  liowever,  and  later  on  lung  disease  was  but  a  secondary 
element  in  the  disease,  hog  cholera  persisting  with  variable  severity 
for  months  after. 

In  the  herd  which  contained  the  following  pigs  the  disease  bi'oke 
out  four  weeks  ago  and  was  very  likely  due  to  the  introduction  of 
infected  swine  by  pTiichase, 

September  10,  1888. — A  small  shoat  (No.  1)  from  this  herd  was 
seemingly  very  ill.  Flanks  tucked  in,  hind  portion  of  body  swaying 
and  tottering  when  the  animal  moved.  It  was  killed  by  cutting  its 
throat. 
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In  the  lungs  was  found  broncho-pneumonia,  localized  chiefly  in 
the  ventral  and  cephalic  lobes.  In  the  larger  bronchi  lun^  worms 
were  present.  Superficial  inguinal  as  well  as  the  mesenteric  glands 
were  swollen  and  slightly  congested.  The  spleen  was  but  mod- 
erately enlarged.  In  the  upper  portion  of  colon  were  two  small 
superficial  ulcers.  The  mucosa  was  otherwise  intact  as  far  as  the  rec- 
tum. In  the  latter  situation  it  was  covered  with  a  peculiar  grayish 
deposit,  soft,  almost  like  lard,  without  tenacity.  It  was  arranged 
as  isolated  round  patches,  from  one-eighth  to  one-fourth  inch  across 
and  about  one-sixteenth  inch  thick  ;  the  mucous  membrane  for  a  dis- 
tance of  18  inches  from  the  anus  being  thickly  covered  with  them. 
They  are  easily  removed  and  leave  a  slight  depression  in  the  mucosa 
without  apparently  any  loss  of  substance.  This  exudate  is  made  up 
of  degenerated  cells,  probably  epithelial  in  origin,  but  they  are  too 
far  broken  down  to  allow  any  closer  examination.  Immense  num- 
bers of  bacteria  in  this  deposit  of  two  kinds  chiefly;  a  rather  large 
oval  bacillus,  with  periphery  more  deeply  stained  and  a  very  slender 
rod. 

From  this  exudate  a  rabbit  was  inoculated  (September  11)  by  stir- 
ring it  up  in  sterile*  water  thoroughly  and  injecting  some  of  the 
liquid  under  the  skin  of  one  thigh.  The  rabbit  was  dead  on  the  sixth 
day.  There  was  an  extensive  sanguinolent  staining  of  the  subcutis 
of  the  entire  abdomen,  and  of  a  part  of  the  thorax  and  thighs. 
Groups  of  petecchise  on  the  caecum.  Some  of  the  coils  of  intestine 
lightly  glued  to  abdominal  wall.  Spleen  small.  The  peritoneal  sur- 
face is  covered  with  minute  cocci ;  the  same  are  present  in  the  blood. 
Agar  cultures  from  the  peritoneal  surface  and  heart's  blood  con- 
tained the  same  organisms.  Although  polar  staining  was  not  mani- 
fest, there  was  no  doubt  that  the  microbe  was  the  non-motile  swine- 
plague  germ. 

At  the  same  time  a  rabbit  was  inoculated  in  the  same  way  with 
lung  tissue.  This  animal  died  in  two  days.  The  subcutis  of  inocu- 
lated thigh  slightly  blood-stained.  The  superficial  muscular  fiber  of 
a  grayish  homogeneous  appearance.  The  fascia  and  muscles  of  the 
contiguous  portion  of  the  abdominal  wall  opaque,  infiltrated.  On  the 
coils  of  intestine  a  few  small  masses  of  a  whitish  exudate.  Spleen 
slightly  enlarged;  liver  very  much  engorged.  No  bacteria  could  be 
distinctly  seen  on  cover-glass  preparations  from  liver,  spleen,  and 
blood,  feut  tubes  inoculated  from  blood  and  spleen  contained  on  the 
^nllowing  day  only  swine-plague  germs.  Roll  cultures  made  from 
iQ  lung  tissue  of  the  pig  were  liquefied  completely  in  a  few  days. 

■^he  examination  ot  the  spleen  gave  quite  different  results.     Al- 

»iough  the  microscope  did  not  reveal  any  bacteria  on  one  cover-glass 

preparation  from  the  sple^'^   three  liquid  cultures  into  which  a  bit 

-spleen  had  been  ■nlo'-'^r      ^ntained  on  the  following  day  actively 
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enlarged,  and  in  it  numerous  hog  cholera  bacilli;  the  second  mouse 
remained  apparently  well  and  was  killed  fifteen  days  later.  Its  spleen 
was  enormously  enlarged,  and  it  would  no  doubt  nave  succumbed  in 
a  few  days.  But  the  following  intravenous  injection  from  an  agar 
culture  which  was  inoculated  from  the  original  spleen  agar  culture 
is  sufficient  to  set  aside  all  doubt  as  to  the  nature  of  the  spleen  ba- 
cilli: 

November  12,  1888. — Pig  No.  90,  black  and  white,  about  five  months  old.  The 
right  crural  vein  was  exposed  by  raising  a  triangular  flap  of  skin  over  it  after 
thoroughly  disinfecting  the  latter  with  a  1:500  solution  of  mercuric  chloride.  Five 
cubic  centimeters  of  a  beef -infusion  peptone  culture  inoculated  from  an  agar  cult- 
ure about  a  week  old  was  injected  into  the  exposed  vein  with  a  hypodermic  syiinge 
thoroughly  disinfected  with  5  per  cent,  carbolic  acid.  The  liquid  culture  was  two 
days  old  when  used.  Two  hours  after  the  inoculation  the  temperature  had  risen 
from  103f°  F.  to  107°  F.  November  13,  there  was  no  swelling,  but  a  slight  serous 
oosdng  at  the  place  of  inoculation.  The  appetite  was  good.  November  14,  at  8  p. 
m.,  the  temperature  was  107^*'.  The  animal  was  disinclined  to  move,  although  it 
came  to  eat  in  the  morning  and  evening.  November  15,  it  lay  on  its  side,  quietly, 
with  occasional  kicking.     Found  dead  at  4  p.  m.    Autopsy  held  immediately. 

General  blush  on  skin  of  ventral  aspect,  snout,  and  hps.  No  swelling  at  the  point 
of  inoculation;  slight  blood  extravasation.  Spleen  enormously  enlarged,  14  inches 
long,  two-thirds  inch  wide,  and  one-half  to  1  inch  thick,  gorged  with  dark  blood, 
and  friable.  Superficial  inguinals  enlarged,  oedematous;  on  section  diffuse  pale 
red  spots;  cortex  congested.  Bronchial  and  renal  glands  enlarged,  partly  hemor- 
rhagic; gastric  glands  hemorrhagic  throughout  substance.  The  blood  is  thick,  dark 
colored,  coagulation  slight,  even  after  several  hours'  exposure  to  the  air.  Several 
petecchiae  on  epicardium  of  right  auricle.  Right  side  of  heart  distended  with  blood, 
in  it  a  small  white  clot.  Left  heart  contracted,  empty.  Lungs  normal,  excepting 
one-third  of  left  ventral  lobe,  which  is  collapsed.  Kidneys  enlarged,  deeply  con- 
gested throughout.  The  surface  is  thickly  aotted  with  minute  deep  red  points. 
The  papillsB  so  deeply  reddened  that  any  extravasations  would  not  be  recognizable. 
A  few  petecchiae  in  pelvis.  Bladder  contains  about  30  grams  of  urine  tinged  with 
blood.  The  whole  mucosa  of  stomach  is  deeply  congested.  In  fundus  it  is  hemor- 
rhagic, with  numerous  patches  of  necrosed  epithelium  one-quarter  to  one-half  inch 
across.  The  upper  8  inches  of  duodenum  in  the  same  condition  as  the  fundus  of 
stomach.  Numerous  red  points  scattered  over  mucosa  of  entire  small  intestine.  In 
lower  ileum  a  few  hemorrhagic  points.  The  mucosa  of  caecum  and  upper  colon  very 
slightly  congested,  but  the  remaining  two-thirds  intensely  so.  Hemorrhage  here 
and  there  sufficient  to  stain  the  feces  with  blood  which  were  otherwise  normal. 
Tlie  mesenteric  and  meso-colic  glands  all  deeply  congested  throughout  their  sub- 
stance. 

Cover-glass  preparations  from  spleen  pulp  showed  a  large  number  of  hog  cholera 
bacteria.  Cultures  from  the  same  revealed  the  presence  of  the  same  organisms 
only. 

September  19. — Pig  No.  2,  alive  in  the  morning,  dead  at  noon.  Ex- 
amined soon  after  death.  Slight  reddening  of  skin  on  throat,  inside 
of  limbs  and  pnbic  region.  Spleen  very  large,  engorged,  softened. 
Lymphatic  glands  generally  enlarged  but  pale,  excepting  the  retro- 
peritoneal glands,  the  cortex  of  which  is  deeply  congested.  Liver 
imparts  a  harsh  sensation  to  the  knife.  Kidneys  normal.  Echino- 
rhynchi  in  jejunum  attached  to  ulcerous  depressions  in  the  mucosa. 
Lowest  12  inches  of  ileum  contain  several  deep  ulcers  one-fourth 
to  three-fourths  inch  across.  The  mucosa  of  the  ileo-csecal  valve  is 
thickened,  ulcerated  superficially,  and  indurated  beneath.  There  are 
several  large  ulcers  near  the  valve  and  in  the  upper  colon,  from  one- 
half  to  1^  inches  across.  The  corresponding  serosa  inflamed  and  at- 
tached to  neighboring  organs. 

All  but  the  caudal  and  dorsal  half  of  the  principal  lobe  of  each 
lung  solidified.  The  diseased  principal  lobe  has  a  bluish  red,  the 
other  lobes  a  pale-grayish  red  color.  In  the  former  the  infiltration 
is  in  the  form  of  minute  whitish  plugs  in  a  red  ground.     The  latter 
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on  section  has  a  glistening,  half-ffelatinous  aspects     The  cut  bron- 
chioles exude  a  milky,  purulent  fluid. 
Bacteriological  examination  of  lungs  showed  in  stained  oover^glltdfi 

f)reparations  a  large  number  of  pus  cells  and  polar-stained  bac'teria^ 
ocated  chiefly  around  the  nuclei  of  the  larger  cells  and  probably  im- 
bedded in  the  now  disintegrated  cell  protoplasm.  A  few  largd  bac- 
teria present.  Of  two  roll  cultures  from  this  grayish  lung  tissue  0116 
was  conii)letely  liquefied,  the  other  partially  so.  A  rabbit  inoculated 
from  the  same  tissue  (grayish)  died  in  four  days. 

The  fascia  of  the  inoculated  thigh  was  much  tliickeued,  whitish,  thd  fitib1iU)6fit 
muscular  tissue  discolored,  pale.  Intense  peritonitis  manifested  by  a  grayish  exu- 
date covering  lar^e  intestine  and  liver  ;  the  serosa  of  the  former  was  dxt^nsiv^Iy 
ecchymosed  and  glued  to  the  ventral  abdominal  wall.  The  exudate  consisted  chiefly 
of  leucocytes  and  immense  numbers  of  polar-stained  swine  plague  bacteria.  ThWd 
were  very  scarce  in  blood.  An  agar  culture  from  the  latter  contained  otily  nwine 
plague  bacteria.  A  rabbit  inoculated  at  the  same  time  with  the  red  hepatiKed  tissue 
was  iU  subsequently,  but  recovered.  It  was  killed  on  the  sixteenth  day.  An  BX* 
tensive  subcutaneous  abscess  was  found  over  the  abdomen,  with  necrosis  of  the  skin, 
which  was  converted  into  a  dried  mass  hard  as  a  board.  Spleen  very  illghtly  en- 
larged. 

From  a  bit  of  spleen  pulp  from  the  pig,  which  was  engorged,  dark, 
and  enlarged,  a  roll  culture  was  made.  About  one  hundred  colonies 
of  hog  cholera  bacilli  developed.  Two  T:)eef -infusion  peptone  tubes 
into  which  spleen  bits  were  placed  contained  on  the  lollowing  day 
hog  cholera  and  butyric  bacilli.  To  test  the  virulence  of  the  hoft 
cholera  bacilli,  two  or  three  drops  of  one  liquid  culture  were  injected 
beneath  the  skin  of  two  mice  September  28.  One  died  prematurely 
on  the  following  day  with  enlarged  spleen,  owing  to  the  extensive 
invasion  of  liver  and  kidneys  with  coccidia,  and  consequetit  degener- 
ation of  these  organs.  The  second  mouse  died  in  three  days  with  a 
large  number  of  txenia  in  the  dilated  duodenum.  Both  died  no  doubt 
from  the  inoculation,  but  their  death  was  hastened  by  the  presence  of 
the  parasites,  making  the  demonstration  unsatisfactory. 

Another  pig  (No.  3)  which  had  been  found  dead  in  the  morning 
and  undergone  considerable  decomposition  was  examined  supetn- 
cially  at  the  same  time.  The  spleen  was  very  much  enlarged  :  lungs 
normal.  The  large  intestine  contained  extensive  ulcers  with  loCai^ 
ized  peritonitis  and  adhesion  to  surrounding  structures*  No  bac- 
teriological examination  was  made. 

A  third  pig  from  the  same  herd  (No.  19)  was  taken,  while  sick,  to 
the  Exj^eriment  Station  of  the  Bureau  in  order  that  fresh  pigs  might 
be  infected  and  our  study  of  the  disease  continued.  It  was  found 
dead  September  24,  four  days  after  its  arrival.  This  atiimal  also 
manifested  both  diseases,  more  prominently  so  than  those  already 
described.  Both  germs  were  found  in  its  body,  the  hog  cholera 
bacillus  in  tlw,  sjileen,  the  swine  plague  coccus  in  the  lungs,  as  the 
following  notes  show: 

Autopsy  several  liours  after  death.  No  skin  discoloration.  Spleen  \*ery  large» 
due  to  blood  enji^or^enient.  Lymphatic  glands  of  abdomen  in  general  very  much 
enlarged,  and  slightly  congested,  excepting  those  of  mesentery,  Kidney«  normal. 
Liver  slightly  cirrhoHed.  somewhat  gritty  on  section.  Mucosa  of  stomach  covered 
with  yellow  bile-stained  mucus,  empty.  Small  intestine  not  diBcuBed.  In  the  ctecum 
and  upper  12  inches  of  colon,  al>out  a  dozen  ulcers,  one-half  to  1^  inches  acrtms.  with 
a  dirty  blackish  floor.  The  ulceration  lia«  produced  inflammation  of  the  Herosa  and 
thickening  of  the  wall. 

Lungs  extensively  diseased.  Of  the  right,  the  caudal  half  of  the  cephalio,  the 
entire  ventral,  and  the  ce^ihalic  (anterior)  third  of  the  principal  lobe  hepatized.  Of 
the  left  lung  the  same  regions,  including  the  azygos  lobe,  are  in  the  same  condition. 
Over  these  mseased  lobes  the  pleura  is  covered  witn  a  translucent,  very  thin  e:tudate, 
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eith^  in  the  form  of  dots  or  a  mesh- work.  Onl^  a  little  of  the  adjacent  normal  lung 
tissue  has  the  pleura  roughened.  The  exudate  is  made  up  of  leucocytes  and  a  large 
number  of  slender  bacilli.  The  diseased  lung  tissue,  from  the  surface,  is  red,  mot- 
tled with  minute  grayisli  dot^s;  this  mottling  is  faint  in  some  regions,  in  others  the 
dote  seem  to  coalesce  into  giayish  patches.  The  cut  surface  is  grayish  red.  When 
compressed,  whitish,  semi-solid  plugs  are  forced  out  of  the  air  tubes.  In  some  places 
these  are  replaced  by  a  milky,  flaky  fluid.  They  consist  of  leucocytes  and  epithelium 
with  very  few  bacteria.  No  jxilar-stained  bacteria  observed.  The  bronchial  and 
tracheal  glands  very  large,  tough,  pale  pink  on  section.  The  trachea  and  bronchi 
coated  with  bright  red  foam.     In  the  ends  of  the  latter  some  lung  worms. 

Pericarditis  probably  an  extension  of  the  pleuritis.  Both  sides  of  heart  and  large 
vessels  contain  white  thrombi. 

A  roll  culture  in  gelatine  from  lung  tissue  developed  a  few  fungi  only.*  A  rabbit 
inoculated  with  lung  tissue  died  in  four  days.  The  subcutis  of  the  inoculated  thieh 
much  thickened  with  infiltrated  cells  (suppuration);  over  the  abdomen  'also  thiok« 
ened  and  blood-stained.  The  caecum  studded  with  hemorrhagic  points  and  covered 
with  a  gelatinous  exudate,  which  is  also  found  on  liver.  A  cover-glass  touched  to 
this  exudate  contains  immense  numbers  of  polar-stained  bacteria;  very  few  in  blood 
and  spleen.  Agar  cultures  from  these,  however,  develop  in  moderate  number  col- 
*  onies  of  swine  plague  bacteria. 

From  bits  of  spleen  pulp  of  the  pig  an  agar  culture,  a  gelatine  roll  culture  and  a 
liquid  culture  were  made.  The  agar  and  the  Uquid  culture  contained  the  motile 
hog  cholera  bacilU ;  the  latter  also  spore-bearing  butyric  bacilli.  The  roU  contained 
but  two  colonies.  Of  two  mice  inoculated  from  the  hquid  culture  one  died  6n  the 
following  day;  the  other  in  five  days,  with  enlarged  spleen,  containing  hog  cholera 
bacilli  in  considerable  numbers,  which  were  dlso  obtamed  pure  in  an  agar  culture. 
This  mouse  had  its  Uver  and  kidneys  thoroughly  infested  with  coccidia. 

At  the  same  time  a  pig  from  another  herd  near  Baltimore  was  ex- 
amined. The  owner  had  purchased  ten  young  pigs  in  May.  They 
began  to  cons;h  and  gradually  emaciate  aoout  one  month  ago;  since 
then  five  haa  died.  One  of  the  survivors,  emaciated,  very  weak, 
with  arched  back,  "  tucked-up  "  abdomen,  and  dull,  sunken  eyes,  was 
killed  for  examination. 

The  spleen  was  not  enlarged.  The  lymphatics  in  general  were  enlarged,  pale,  and 
firm.  Lungs  normal,  with  exception  of  two  or  three  collapsed  areas  fix»m  one-half 
to  three-fourths  of  an  inch  across.  Liver  and  kidneys  normal.  Catarrhal  condition 
of  stomach.  In  the  jejunum  a  number  of  ulcers,  to  two  of  which  echinorhyncki  are 
attached.  These  worms  are  very  likely  the  cause  of  the  ulcers.  In  the  cesouni  and 
upper  colon,  especially  on  and  around  the  valve,  were  about  twenty  ulcers,  one-half 
inch  across.  Tlie  slough  fell  out  of  most  of  them  while  the  specimens  were  beilig 
carried  from  Baltimoi-e  to  Washington.  The  ulcers  deprived  of  the  slough  ore 
nearly  circular;  the  base  fonned  by  the  muscular  wall;  the  sides  vertical,  as  if  the 
mucosa  had  l)een  punched  out,  the  border  being  sUghtly  thickened.  The  8lou||^ 
itself  was  yellowish,  crumbling.  A  rabbit  inoculat^  with  some  of  it  stirred  m 
tterile  water  dies  in  twenty-four  hours  with  slight  peritonitis,  internal  organs  gener- 
ally congested  and  containing  numerous  oval  swine  plague  bacteria.  A  liquid  cult- 
ure from  the  heart  contained  only  swine  plague  bacteria,  wliile  a  gelatine  Uihe  cult- 
ure from  the  spleen  failed  to  develop. 

From  the  spleen  two  tubes  of  nutrient  hquid  contain  a  motile  baoillus  not  dis- 
tinguishable from  hog  cholera  baciUi.  A  gelatine  roll  culture  contains  about  six 
colonies  of  the  same  organism. 

To  test  the  pathogenic  power  of  this  bacillus  two  mice  were  inoculated  from  the 
liquid  culture.  One  died  on  the  following  day,  with  numerous  hog  cholera  bacilli 
in  spleen  and  liver.  Premature  death,  due  to  extensive  degeneration  of  these  two 
organs,  which  was  caused  by  coccidia.  The  second  mouse  died  on  the  seventh  day, 
with  enlarged  spleen  and  extensive  coagulation  necrosis  in  liver.  Both  organs  con- 
tain numerous  hog  cholera  bacilli.  An  agar  culture  from  the  spleen  confirmed  the 
microscopic  diagnosis. 

We  have  thus  four  cases  in  which  both  hog  cholera  and  swine 
plague  bacteria  are  present  according  to  the  unequivocal  results  of 
bacteriological  examination.  Tlie  same  was  observed  in  the  out- 
break of  swine  plague  which  occurred  in  the  beginning  of  1887,  and 

*  This  swine-plague  germ  did  not,  as  a  rule,  grow  in  gelatine  at  the  ordinary  tem- 
perature of  the  room. 
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xvhich  was  published  in  the  report  of  the  Department  of  Agriculture 
for  the  same  year.  In  that  outbreak  the  earlier  cases  examined  re- 
vealed only  swine  plague  bacteria.  Later  on  both  ho^  cholera  and 
swine  plague  germs  were  encountered  in  the  same  animal  in  a  cer- 
tain number  of  cases.  Finally  the  swine  plague  died  out  towards 
spring  and  only  the  hog  cholera  remained,  causing  even  at  that  time 
some  very  acute  cases.  The  swine  plague  was  the  original  disease, 
the  hog  cholera  bein^  grafted  upon  it  when  the  swine  pla^e  pigs 
from  a  neighboring  tarm  wore  placed  in  pens  infected  with  nog 
cholera  at  the  station.  Even  as  early  as  September,  1886,  some  in- 
vestigations in  Illinois  brought  out  the  then  remarkable  and  puzzling 
fact  of  two  disease  germs  found  in  the  same  animal  at  tne  same 
time. 

Before  describing  the  outbreak  caused  by  the  pig  brought  from 
Baltimore  to  the  Experimental  Station,  it  will  be  necessary  to  briefly 
indicate  the  condition  of  things  at  the  latter  in  order  to  explain  some 
of  the  occurrences  which  followed. 

In  the  beginning  of  the  present  year  a  series  of  experiments  were 
planned  to  vaccinate  pigs  with  sterilized  cultures  of  hog  cholera 
bacilli.  Experiments  of  this  character  are  reported  as  having  been 
begun  in  the  Annual  Report  of  the  Bureau  or^  Animal  Industry  for 
the  year  1886,  p.  50.  These  were  not  successful  on  pigs  at  that  time, 
and  it  was  thought  best  to  inject  the  sterilized  culture  liquid  in  lar^e 
quantities  directly  into  the  peritoneal  cavity.  Without  going  into 
detail,  suffice  it  to  say  that  aoout  twelve  pi^s  were  vaccinated  in  this 
way,  three  receiving  800  cubic  centimeters  in  doses  of  100  cubic  cen- 
timeters at  intervals  of  about  one  week,  three  600  cubic  centimeters, 
three  400  Cubic  centimeters,,  and  three  200  cubic  centimeters. 

The  experiment,  including  all  inoculations,  lasted  from  February 
15  to  the  beginning  of  Apru.  Owing  to  some  accident  or  error  in 
the  sterilization  of  the  cmture  liquid  this  sterilization  was  not  com- 
pleted in  some  of  the  liquid  used,  although  a  number  of  precautions 
nad  been  taken  to  insure  absolute  sterility,  which  need  not  be  re- 
CDuntfed  here.  One  of  the  animals  died  of  acute  hog  cholera  on  the 
day  following  one  of  the  inoculations.  Its  mate  died  within  fourteen 
days  after  th6  same  inoculation  of  hog  cholera.  Another  died  within 
twenty-four  hours  after  one  of  the  injections  because  of  some  injury 
to  the  intestines  during  the  injection*.  As  these  pigs  wer^  distributed 
in  groups  of  three  in  different  pens,  it  was  thought  that  the  accident 
of  using  incompletely  sterilizea  cultures  was  limited  to  one  pen,  but 
subsequent  events  showed  this  supposition  to  be  untrue. 

The  remaining  pigs,  teil  in  number,  were  carefully  watched  for 
nearly  two  months  (until  May  25),  and  then  brought  together  into 
one  pen  to  await  a  favorable  opportunity  for  exposure  to  hog  cholera. 
There  were  in  this  lot  Nos.  482,  483,  484,  490,  491,  493,  and  iSfos.  8,  9. 
11,  and  12.  There  were  also  added  Nos.  5,  6,  13,  and  15,  as  control 
animals.  Of  these  animals,  No.  482  died  June  13,  very  much  ema- 
ciated and  with  extensive  ulceration  in  the  large  intestine.  No.  493 
died  July  5,  of  peritonitiSj  indirectly  due  to  extensive  ulceration  of 
the  lar^e  intestine.  The  animal  had  shown  previous  to  its  death  no 
indications  of  illness.  No.  484  died  July  15,  also  of  hog  cholera. 
The  lesions  of  this  case  will  serve  as  an  illustration  of  the  others. 

Spleen  not  enlarged.  Considerable  recent  adhesions  among  coils  of  large  intestine. 
The  mucosa  of  large  intestine  contains  ulcers  as  large  as  silver  dollars,  with  a  black- 
ish, irregularly  gnawed  floor.  They  only  inyolve  the  mucosa.  About  the  middle 
of  colon  a  tumor  is  situated  in  the  muscular  coat  of  the  intestinal  wall  as  large  as  a 
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horse  chestnut.  The  contents  are  whitish,  of  a  putty-like  consistency.  Attached 
to  the  spleen  by  means  of  tough,  fibrous  tissue,  evidently  part  of  the  omentum,  is  a 
cyUndncal  encysted  mass  of  the  same  consistency,  8  to  4  inches  long  and  one-half 
inch  wide.  These  masses  represent  without  doubt  the  place  where  the  incompletely 
sterilized  culture  liquid  was  deposited  by  the  needle. 

In  the  thorax  the  ventral  lobes  of  both  lungs  are  enlarged,  airless,  of  a  pale  red- 
ish,  translucent,  gelatinous  aspect.  The  bronchi  of  these  lobes  are  filled  with  a  glairy 
muco-pus  and  contain  some  lung  worms.  Two  rabbits  inoculated  from  an  emul- 
8ion  of  lung  tissue  both  died  of  hog  cholera  on  the  eighth  and  ninth  day. 

No.  482,  found  dead  September  16,  had  several  old  ulcers  in  the  large  intestine. 
The  lungs  were  extensively  adherent  to  the  chest  wall  by  old  fibrous  b£ids,  and  in 
part  airless  and  of  a  pale  red  color. 

When  the  Baltimore  |)ig  was  brought  to  the  station  there  was  what 
may  be  considered  chronichog  cholera,  but  no  evidence  of  swine  plague 
as  shown  by  the  inoculation  of  lung  tissue  from  No.  484  into  rabbits 
some  time  ago,  and  also  the  autopsies  of  the  pigs  which  had  died  mean- 
while. The  ulcers  were  probably  directly  due  to  the  intra-abdom- 
inal injection  of  the  culture  liquid  supposed  to  be  sterile,  and  death 
was  brought  on  chiefly  through  peritonitis  as  the  result  of  the  ulcer- 
ation. If  the  disease,  so  chronic  in  character  as  to  elude  detection 
and  to  last  from  three  to  six  months,  was  still  capable  of  infecting 
other  animals  it  did  not  do  so,  as  not  only  four  of  the  vaccinated 
pigs  but  also  the  four  control  animals  were  still  alive  and  apparently 
well. 

Soon  after  the  arrival  of  the  sick  Baltimore  pig  it  was  penned  with 
these  survivors,  and  fresh  pigs  were  put  in  the  infected  pen  as  the 
inmates  died.  Thereupon  pigs  died  quite  rapidly,  with  lesions  indi- 
cating the  presence  of  swine  plague  and  a  decided  renewal  of  hog 
cholera  of  a  virulent  type.  Vaccmated  pigs  died  very  soon  after  in 
quick  succession,  some  with  marked  swine  plague  lesions.  A  pe- 
rusal of  the  autopsy  notes  given  below  will  show  that  they  all  suf- 
fered from  old  ulceration,  except  No.  12,  which  died  from  injuries 
received  It  also  appears  from  the  lesions  that  some  of  the  pigs 
were  very  likely  intected  a  second  time.  As  the  state  of  things  was 
very  complicated  nothing  positive  can  be  said  as  to  this  point.  The 
notes  are  simply  given  to  aid  in  elucidating  the  subject  of  swine 
plague.  As  to  two  of  the  control  animals  which  also  died  (Nos.  13 
and  15),  it  would  be  very  difficult  to  state  from  the  autopsy  notes 
whether  they  had  been  infected  from  the  inoculated  animals  before 
September  20  or  hud  contracted  the  disease  from  the  Baltimore  case. 
Nos.  5  and  6,  the  other  control  animals,  died  of  hog  cholera  contracted 
evidently  after  the  arrival  of  the  Baltimore  pigs,  as  the  notes  will 
show. 

The  introduction  of  the  Baltimore  pig  was  followed  September  31, 
eleven  days  later,  by  the  death  of  four  pigs,  Nos.  5,  8,  9,  and  11. 

September  31. — No.  5,  control  animal,*  found  dead  this  morning.  Skin  of  ven- 
tral surface  of  body  reddened  ;  spleen  enormously  enlarged  and  congested.  Hem- 
orrhagic foci  in  lungs,  but  no  hepatization.  Large  intestine  deeply  reddened  and 
alighthr  ulcerated.    Numerous  hog  cholera  bacilli  in  spleen. 

Pig  No.  8,  vaccinated  animal,  found  dead  this  morning.  Skin  and  spleen  normal. 
Inguinal  glands  enlarged,  oedematous,  reddened.  Liver  cirrhosed.  Kidneys  with 
m^ulla  congested.  Stomach  empty,  mucosa  bile-stained.  In  ileum  several  ulcers 
near  valve.  Mucosa  of  caecum  and  upper  third  of  colon  almost  entirely  ulcerated ; 
farther  down  ulcers  isolated  one-quarter  to  1  inch  across.  Rectum  intect.  Lungs 
about  twice  the  usual  size  when  collapsed  ;  over  both  a  pleuritic  deposit  appearing, 
either  as  a  mesh-work  or  as  minute  dots,  which  give  the  pleura  a  roughenea  aspect, 
or  as  a  continuous  membrane,  according  to  the  quantity  of  exudate.    Slight  agglu- 

*  These  terms  refer  to  the  vaccination  experiment. 
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tiaation  of  lobes  to  chest  w&Ub  and  to  one  another.    In  each  pleural  sac  about  a  tMir 
tfpoonful  of  loose,  soft  exudate. 

The  parenchyma  of  the  hepatized  regions  is  in  general  red,  granular  on  section, 
with  much  reddish  serum  flowing  from  the  out  surface,  but  the  ventral  and  cepha- 
lie  lobes  are  in  more  advanced  stages,  some  parts  being  grayish  red  on  seoUcm, 
others  containing  small  foci  of  a  peculiar  pale,  grayish-yellow  color,  with  outiine 
sharp  and  sinuouB.  These  are,  no  doubt,  necrotic  masses,  or  sequesh^a.  They  are 
found  in  the  Cephalic  lobe  of  the  right  lung.  The  same  lobe  of  the  left  side  is  in  a 
state  of  advanced  bronchO'pneumonIa,  the  smaller  ah'-tubes  being  filled  witn  a  glairy 
muco-pus.  The  right  principal  lobe  contains  also  centers  of  beginning  necrosis. 
In  the  bronchial  and  tracheal  glands,  which  are  much  enlarged,  the  cut  surface 
shows  grayish  scalloped  lines  in  a  deeply  congested  ground.  Trachea  contains  red- 
dish foam.  The  bronchi  contain  cylindrical  clots  of  dark  and  pale  color  imbedded 
in  mucus ;  in  the  smaller  bronchi  aVrothy,  thin,  red  liquid.  The  immediate  cause 
of  death,  pulmonary  hemorrhage. 

Oover-glass  preparations  from  lung  tissue  show  large  numbers  of  poUkr-stained 
swine  plague  Imcteria.  A  rabbit  inoculated  therefrom  died  in  eight  davs.  The  Bub* 
cutis  on  the  inoculated  thigh  and  contiguous  abdominal  wall  was  thickened,  pasty, 
and  skirting  this  a  blood-stained,  gelatinous  exudate.  Peritonitis  shown  by  the  ^x* 
tensive  ecchymosis  of  the  ceecum  and  a  grayish,  gelatinous  exudate  covering  spleen, 
liver,  and  a  small  portion  of  the  intestine  with  a  layer  of  variable  thickness.  This 
exudate  is  made  up  in  part  of  pus  corpuscles  and  great  numbers  of  polar-stained 
bacteria.  These  are  also  abimdant  in  the  subcutaneous  infiltrate,  but  i-are  in  hearths 
blood.  An  agar  culture  from  the  peritoneal  exudate  contained  on  the  following 
day  a  very  tmn,  veil-like  growth  of  swine  plague  bacteria. 

in  the  barely  enlarged  spleen  of  the  pig  hog  cholera  bacilli  can  be  detected  on 
cover-glass  preparations.  A  roll  culture  and  an  agar  culture  contain  the  same 
bacilli  only. 

Pig  No.  9,  eight  montlis  old,  vaccinated  animal.  Before  this  animal  was  placed 
in  the  infectedpen  it  was  fed  portions  of  the  spleen  and  large  intestine  of  one  of 
the  Baltimore  ca«es  on  September  20. 

Skin  normal ;  spleen  barely  enlai'ged.  Cirrhosis  of  liver  advanced.  Kidneys 
with  medullary  portion  deeply  reddened.  Lymphatics  of  meso-colon  and  near  kid- 
neys enlarged  and  congested.  Stomach  contains  only  a  small  quantity  of  bile- 
stained  liquid.  Duodenum  extensively  pigmented.  Mucosa  of  cfiBCimi  and  upper 
colon  almost  entirely  destroyed,  blackish.  Below  the  middle  of  the  colon  the  ulcers 
are  isolated.    The  .alls  thickened  and  serosa  inflamed  where  ulcers  occur. 

Lungs  diseased  ;  considerable  serum  in  the  right  pleural  sac.  The  whole  of  the 
right  lung  and  the  cephalic  half  of  the  left  hepatized  and  covered  with  a  pleuritic 
exudate  similar  to  that  in  the  preceding  case.  The  principal  lobe  of  the  right  lung 
is  in  a  state  of  red  hepatization,  while  the  ventrsd  lobe  is  farther  advanced  ana 
contains  the  necrotic  foci  described  under  No.  8.  The  cephalic,  ventral,  and  a  t>or» 
I  ion  of  the  principal  lobe  of  the  left  lung  in  the  same  condition  as  the  corresponding 
lobes  of  right  side.  Broncliial  glands  enlarged,  with  reddened  cortex.  I^oncm 
filled  each  with  a  dark,  cylindrical  clot.  From  the  red  hepatized  re^ions^cover-glass 
preparations  show  polar-stained  bacteria  in  groups,  The  polar  stam  could  only  be 
made  out  clearly  when  the  germs  were  magnified  1,000  diameters.  Roll  cultures 
from  the  lung  tissue  were  useless,  owing  to  the  large  number  of  liquefying  germs 
present.  A  rabbit  inoculated  by  injecting  i  cubic  centimeter  of  sterile  water  in 
whiich  a  bit  of  lung  tissue  had  been  torn  up  died  in  three  days  with  a  pasty  infiltra- 
tion of  the  subcutis  of  thigh  and  abdomen,  slightly  blood-stained;  in  one  groin  the 
subcutlB  very  emphysematous.  Liver  and  kidneys  congested;  spleen  scarcely  en- 
larged. Peritoneum  of  caecum  roughen(Mi;  extravasations  in  meso-rectum.  Im* 
mense  numbers  of  polar-stiiined  bacteria  in  subcutis  as  well  as  on  inflamed  perito- 
neum. Very  few  in  spleen  and  blood,  Tvv'^o  agar  tubes  from  blood  and  spleen 
contained  an  abundant  growth  of  the  same  germs  next  day.  A  gelatine  roll  culture 
from  the  blood  remained  sterile.  (This  germ  rarely  grew  in  gelatine  at  ordinary 
laboratory  temperature.) 

From  the  pig's  spleen  an  agar  cultm*e  contained  only  hog  cholera  bacilli.  In  a 
roll  culture  irom  a  bit  of  spleen  tissue  about  200  colonies  of  the  same  germ  and  one 
producing  liquefaction. 

Pig  No.  11,  vaccinated,  almut  eight  months  old  ;  found  dead  this  morning.  Skin 
normal;  H))leen  not  enlarged.  Lymphatics  of  large  intestine  (meso-colon)  enlai^ged 
and  deeply  reddened;  glandR  in  otner  regions  of  the  body  enlarged,  pale.  Liver 
cirrhosed.  Kidneys  not  changed.  Stomach  empty;  mucosa  bue-stained,  along 
fundus  highly  congested.  Large  patches  of  superficial  ulceration  in  lower  jejunum 
and  ileum.  In  c»»cum  and  upper  colon  the  mucosa  is  almost  completely  destroyed, 
as  if  charcoal  dust  had  been  rubbed  into  it,    WaUs  much  thicxened.    Very  cu- 
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rioUftly  a  large  diverticulum  neiir  the  valve,  fortning  a  pouch,  ha«  its  mUcosA  intAot. 
Ulcfeiratloii  gradually  disappears  near  rectum. 

The  lung«  are  uIho  implicated,  but  there  is  no  pleuritic.  In  all  lobed  are  maMes  of 
hepatisied  tisHUe  varying  in  size,  the  largest  probably  1^  inches  in  diameter.  Th* 
hepatization  is  chieHy  of  tlie  grayish  variety,  the  tissue  being  very  hard  to  the  touoht 
Snme  of  these  masses  contain  necrotic  foci.  The  cephalic  lobes  are  r«tlac^  by 
masses  6f  collapsed  tissue  interspersed  with  emphysematous  tissue.  Bronchiiu 
glands  very  large,  |mlG  whitish  on  section.  In  each  bronchus  a  thin,  cylindrical) 
dark  clot  imbedded  in  nmch  glairy  mucus.  Lung  worms  in  the  blind  end  of  both. 
Cover-glass  preparations  stained  in  gentian  violet  show  leucocytes  chiefly,  with  many 
polarnstainea  cocci  Icx^ateil  around  the  nuclei  and  very  likely  imbedded  in  the  ooU 
protoplasm. 

A  rabbit  inoculated  from  thiK  lu:i^  tissue,  very  sick  thirteen  days  later,  was  chlor> 
oforme  :.  The  place  of  inoculation  is  occupied  by  an  abscess  situated  on  thigh  and 
abdomen,  and  firmly  attached  fascia.  No  peritonitis.  Spleen  v^y  large,  of  a  gran- 
ular appearance,  the  Hise  due  not  to  engorgement  but  cell  increase.  The  larger  oellji 
have  their  protoplasm  filled  with  deeply  stained  granules.  A  few  hog  ohoTera  bft* 
cilli  can  be  seen.  In  the  liver  a  few  acini  have  undergone  coagulation  neorosis* 
CultureH  in  agrar  from  the  abscess  and  spleen  contain  only  hog  cholera  bacilli.  It  in 
verv  probable  that  the  swine  plague  bacteria  were  destroyed  m  the  organism  of  the 
rabbit  an  indicated  by  the  large  aosc^ess  and  the  condition  of  the  spleen. 

No.  15,  control  animal,  died  October  4.  Spleen  very  large  and  gorged  with  blood< 
The  various  lymphatic  glands  of  abdomen,  excepting  those  of  mesentery,  hemor* 
rhagic  throughout.  Liver  and  kidneys  not  affected.  Stomach  flUed  with  'food« 
In  tlie  lowest  8  feet  of  ihnim  are  a  large  number  of  ulcers  varying  from  the  i^M 
of  a  ))in*B  head  to  one-half  inch  across.  The  smallest  ones  are  simply  superficial 
sloughs.  As  they  grow  larger  they  become  more  and  moi*e  excavatea  witn  thtok- 
ened,  puckeretl  periphery.  There  are  also  four  or  five  large  ulcers  of  the  same  ap^ 
pearance  encircling  the  tube  transversely.  They  are  all  stained  deep  yellow.  The 
serosa  beneath  these  o]>aque.  The  mucosa  of  the  caecum  and  about  0  inches  of  the 
colon  is  converte<l  into  a  tough,  partly  yellowish,  partly  blackish  necrose  mass, 
closely  adherent  to  the  muscular  coat.  Wall  in  general  much  thickened.  Lower 
down  in  the  colon  there  are  about  six  oval  ulcers  three-quarters  inch  aoroM,  with 
center  black,  periphery  yellowish  (resembling  buttons),  the  whole  tillghtly  elevated. 
The  neoplastic  growth*^  beneath  the  superficial  slough  >vhitish,  tough,  extending  into 
muscular  coat.     Farther  down  a  similar  ulcer  2  inches  across. 

Lungs  adherent  to  costal  pleura  by  their  anterior  portion  and  to  pericardium. 
The  left  ventral  and  a  jKirtion  of  cephalic  lobe  solid.  Tissue  graylsh^r^  on  section. 
A  slight  pressure  forces  from  tlie  au:*tubes  a  thick  milky  fluid.  The  principal  lobe 
much  congested  and  oedematous.  Of  the  right  lung  the  ventral  is  solid  and  likft 
the  corresponding  left  lobe,  excepting  that  the  contents  of  the  aiWtubes  is  consistent, 
like  putty,  and  can  Im*  Hqueeze<l  out  in  the  form  of  cylindrical  plugs.  A  portion  of 
the  azygos  lobe  also  }ioi>ati«ed.  The  curdy  plugs  niaile  up  almost  entirely  of  iMKg^^* 
tinatea  pus  corptiw^Ies.  The  tlioracic  Ivmphatics  witli  hemorrhagic  cortex.  Right 
heart  contains. dark,  somf-coagulatiHl  blood,  no  white  thrombi. 

This  case  did  not  present  what  might  be  considered  swine  plague  lesion^)  judg^ 
ing  from  the  f()rcK^)iii2r. cases  and  from  previous  experience.  The  lung  tissue  rubbed 
on  covers  contaiTutl  very  few  bacteria  of  any  kind.  A  roll  culture  on  the  fifth  day 
contained  many  colonies  of  hog  cholera  bacteria.  A  rabbit  inoculated  from  Imdir 
tissue  dii«^l  in  twelve  dayfj  with  very  large  spleen,  coagulation  necrosis  in  HveTi  an9 
hemorrhagic*  duodenum.  Only  ho^  cholera  bacteria  obtained  from  its  orgaas. 
From  the  spteen  of  the  same  pig  a  liquid  and  an  agar  culture  contained  only  hog 
cholera  bacilli. 

It  Is  of  cours<»  inii)ossible  to  say  whether  t^e  lung  lesions  were  due  to  the  swine 

{)lague  •<crm  or  not.  C>rtain  it  is  that  these  organisms  die  out  quite  rapidly  in 
esions  as  tliey  advance  in  age,  and  may  thus  escai)e  detection.  In  this  oaM  death 
was  <hie  primarily  to  hog  chole^'a,  as  the  hemorrhagic  condition  of  the  lymphatics 
and  the  culture  indicate*. 

October  8,  No.  6,  control  animal,  found  dead  this  morning.  Spleen  enormottsly 
enlarged.  Lungs  contain  numerous  hemorrhagic  foci.  A  small  region  at  one  an- 
terior Iol>o  collapsed.  No  hepatization.  From  15  to  20  ulcere  in  Targe  intestine. 
Two  cultures  from  spleen  remained  sterile. 

Nos.  18,  16,  and  17  are  interesting  cases,  in  that  they  all  presented  the  leeions  of 
both  hog  cholera  and  swine  plague  in  an  aggravated  form.  Nos.  16  and  17  were 
previously  fed  with  the  spleen  and  large  intestine  of  the  Baltimore  pig  (No.  19)  be» 
tore  they  were  pla'  e<l  in  the  infected  pen  September  34.  No.  17  was  found  dead 
October's  :  Nos.  18  and  10,  October  11. 

No.  18,  control  animal.    Skin  over  pubic  region,  along  median  line  of  abdomen, 
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inside  of  limbs,  and  on  throat  considerably  reddened.  Superficial  inguinal  glands 
hemorrhagic.  Spleen  sliglitly  enlarged,  dark.  Abdominal  cavity  contained  aiXHit':; 
pint  of  fluid,  dark-colored  fecal  matter  wliich  had  escaped  from  a  perforation  in 
walls  of  colon.  Extensive  pale-yellowish  exudation  matting  the  various  organs 
together.  CsBCum  and  colon  extensively  ulcerated.  Lungs  diseased.  Exudative 
pleuritds  gluing  lungs  to  chest  wall.  Left  lung  entirely  hepatized  with  exception 
of  a  smaU  re^on  near  caudal  border.  Principal  lobe  in  stage  of  red  hepatization. 
Ventral  lobe  in  general  red  on  section,  with  numerous  small  wavy  lines  and  circles 
or  ovals  of  a  grayish  color,  representing  perhaps  cell  infiltrations  about  air-tubes. 
The  latter  plugged  with  caseous  masses.  On  this  lobe  the  pleuritic  exudate  was 
from  one-sixteenth  to  one-eighth  inch  thick.  Of  the  right  lung  the  whole  ventral 
lobe  was  solid,  red,  mottled  faintly  with  gray ;  cut  surface  smooth.  Portion  of  the 
cephalic  lobe  in  the  same  condition.  Azygos  lobe  normal.  Bronchial  glands  en- 
larged, pale  pink  on  section. 

In  the  red  hepatized  lung  tissue  and  pleuritic  exudate  a  large  number  of  swine 
plague  bacteria  could  be  detected.  A  rabbit  inoculated  with  lung  tissue  died  in  six 
days  with  extensive  subcutaneous  infiltration  on  thigh  and  abdomen,  spongy,  blood- 
stained. Spleen  somewliat  enlarged ;  liver  with  slight  coagulation  necrosis.  Al- 
though we  have  here  the  indications  of  the  presence  of  both  germs,  only  swine 
pl^;ue  Imcteria  were  found  in  an  agar  culture  from  the  spleen. 

No.  16,  fresh  animal.  Skin  normal ;  spleen  very  large,  gorged  with  blood.  Liver 
normal;  both  kidneys  have  the  medullary  portion  almost  completely  absorbed. 
Ureters  distended  to  a  diameter  of  one-third  to  one-half  inch.  Catarrh  of  bladder. 
A  few  stringy  deposits  on  coils  of  intestine.  Lymphatics  of  large  intestine  enlarged, 
indurated,  pale.  Stomach  normal.  In  lower  ileum  one  large  ulcer  2  inches  long 
and  several  small  ones.  Large  intestine  ulcerated.  In  caecum  the  valve  is  coverea 
with  a  tiiin,  brick-red  slough.  Near  blind  end  two  button-shaped,  flat  ulcers,  one- 
half  inch  across  and  a  large  number  of  very  small  ones.  In  the  upi)er  half  of  colon 
a^few  ulcers  of  similar  character. 

Feeble  adhesion  of  both  lungs  to  chest  wall,  barely  collapsed.  All  but  the 
azygo;^  lobe  and  a  narrow  dorsal  strip  of  lung  tissue  in  each  lung  hepatized.  A 
membranous  exudate  covers  the  diseased  portion,  thicker  ventrally — easily  peeled 
off.  In  the  right  lung  the  hepatization  is  dark  red,  granular.  The  region  of  the 
ventral  lobe  (middle  region)  shows  dorsaUy  necrotic  foci  (i.  e. ,  lobules,  or  portions 
of  them,  of  a  homogeneous,  pale  grayish-yellow  appearance,  very  minutely  honey- 
combed, cutting  like  cheese,  and  sharply  outlined  from  the  surrounding  tissue). 
Tlie  ventral  lobe  itself  below  these  foci  has  the  air-tubes  of  ail  sizes  filled  with  cas- 
eous cylindrical  plugs.  The  necrotic  centers  are  numerous  in  the  cephalic  lobe. 
The  left  lung  is  m  substantially  the  same  condition.  Bronchial  glands  enlarged, 
tough,  pale  red.    White  thrombi  in  all  vessels  leading  to  or  from  heart. 

In  cover-glass  preparations  from  the  recently  hepatized  lung  tissue  a  considerable 
number  of  polar-stamed  bacteria  can  be  seen.  A  rabbit  inoculated  from  it  died'  in 
five  days,  with  extensive  pasty  infiltration  of  the  subcutis;  hemorrhagic  points  on 
caecum;  spleen  moderately  enlarged.  An  agar  culture  from  the  spleen  contains  an 
abundant  growth  of  swine  plague  bacteria.  Through  some  oversight  the  results  of 
cultivations  from  the  spleen  of  this  pig  were  not  noted  down. 

No.  17,  fresh  animal.  Spleen  very  large  and  dark,  friable,  about  14  inches  long, 
2i  wide.  Superficial  ingmnals  enlarged,  with  minute  petecchiae  on  section,  and 
small  areas  and  lines  of  a  pale  grayish,  waxy  cast.  Complete  loss  of  medullary  sub- 
stance of  both  kidneys,  due  to  the  formation  of  cysts  varying  in  diameter  from  one- 
hM  to  1  inch.  In  left  kidney  about  one-half  of  cortex  also  gone;  four  or  five  par 
piUae  still  show  on  the  median  section.  In  the  right  kidney  only  one  small  cyst  in 
cortex.  Liver  dark,  tough  to  the  touch;  lobules  on  ventral  surface  slightly  proiect- 
ing.  On  section  the  center  of  acini  brownish  red,  the  periphery  pale.  When 
scraped  the  parenchyma  comes  away  as  a  pultaceous  mass,  leaving  a  tough  honey- 
comoed  frame- work  (cirrhotic). 

Digestive  tract:  Mucosa  of  fundus  of  stomach  wine  red;  at  periphery  of  oesopha- 
geal expansion  a  blackish  patch,  three-fourths  of  an  inch  across,  slightly  depressed 
and  covered  with  islands  of  yellowish  slough.  In  the  cardiac  region  are  numerous 
erosions  from  one-sixteenth  to  one-fourth  of  an  inch  across;  all  covered  with  a  soft, 
whitish  deposit.  The  mucosa  of  duodenum  has  its  minute  vessels  injected  and 
about  one  small  ulcer  to  a  square  inch,  superficial,  -with  slough  stained  deep  yellow. 
For  2  feet  from  the  vsdve  the  mucosa  of  ileum  contains  ulcers  varying  in  size,  a  few 
very  large,  with  puckered  margin.  The  caecum,  filled  with  brownish,  soft  excreta, 
contains  about  2  dozen  ulcers,  flattish,  center  blackish,  periphery  yellow.  The 
base  of  these  ulcers  consists  of  a  neoplastic,  whitish,  tough  tissue.  Throughout  the 
colon  are  small  yellowish  ulcers,  auite  superficial,  a  few  even  in  the  rectum. 

Thoracic  cavify:  Right  costal  pleura  and  diaphragm  of  right  side  covered  by  a 


BUREAU    OF   ANIMAL   INDUSTRT.  189 

lay^er  of  soft,  shreddy  material,  thickest  on  the  latter.  The  entire  right  lung  covered 
with  a  similar  exudate  of  variable  density.  The  anterior  (cephalic)  naif  of  this  lung 
hepat^ed;  the  hepatization  varying  from  a  dark  red  to  a  grayish  red.  The  air- 
tubes  are  plugged  with  translucent  and  opaque  whitish  plugs.  At  the  caudal  tip  of 
the  principal  lobe  a  group  of  lobules,  solid,  grayish,  undergoing  caseation.  The 
bronchioles  are  plugged  with  white  curdy  masses,  and  contain  remnants  of  lung 
worms.  Only  one-half  of  the  two  anterior  (ventral  and  cephahc)  lobes  of  left  lung 
solid.  The  remainder  of  lung  oedematous.  The  azygos  lobe  completely  hepatized, 
the  cut  surface  of  a  glistening  brownish  red,  with  curdy  plugs  extruded  from  the 
bronchioles  on  pressure.  They  are  made  up  chiefly  of  leucocyte®  (pus  cells).  Tra- 
chea and  bronchi  contain  a  large  amount  of  a  viscid,  jelly-like  material. 

Bacteriological  examination  of  the  pleuritic  exudate  revealed  among  leucocytes  a 
large  number  of  very  minute  cocci ;  in  some  a  polar  stain  is  visible.  In  a  few 
leucocytes  the  nucleus  was  situated  near  one  side,  and  between  its  two  branches  the 
cell  protoplasm  contained  from  fifteen  to  twenty  bacteria.  A  gelatine  tube  cultiure 
made  directly  from  the  pleuritic  exudate  failed  to  develop.  A  liqtud  culture  from 
the  same  source  contained  chiefly  swine  plague  bacteria  and  a  few  motile  hog 
cholera  bacilli.  An  agar  culture  was  covered  on  the  following  day  with  a  very 
delicate  growth  containing  only  swine  plague  bacteria  so  far  as  it  could  be  examinea. 
Aiter  four  days,  however,  a  denser  growth  invaded  the  agar  surface  from  below, 
made  up  of  hog  cholera  bacilli.  The  lung  tissue  showed  the  same  organisms  in 
large  numbers. 

ftom  the  spleen  only  hog  cholera  bacilli  were  obtained  in  a  liquid,  an  agar  cul- 
ture, and  a  gelatine  roll  culture  in  which  about  two  hundred  colonies  appeared. 

The  following  notes  refer  to  fresh  pigs  (excepting  No.  12),  which 
were  either  simply  placed  in  the  infected  pen  or  previously  fed  with 
viscera  of  dead  swine.  They  indicate  the  decline  of  the  swine  plague 
(lung  disease)  and  a  still  considerable  virulence  of  the  hog  cholera. 

October  3. — No.  12,  vaccinated  animal,  found  dead  this  morning.  Pleural  and 
abdominal  cavity  contain  considerable  blood-stained  serum.  Blood  extravasation  in 
muscular  tissue  of  abdomen  along  median  line.  Caecum  and  upper  colon  filled 
with  small  pebbles.    Death  from  injury.    A  culture  from  spleen  remains  sterile. 

October  8. — Nos.  39  and  40,  fed  with  viscera  of  hog  cholera  cases  October  1,  dead 
this  morning.  In  No.  39  the  mucosa  of  ileum  and  large  intestine  was  necrosed 
superficially  in  the  form  of  a  thin  layer.  Limgs,  with  exception  of  a  small  patch 
of  collapse  on  left  ventral  lobe  one-half  inch  square,  normal.  Spleen  contains  hog 
cholera  Dacilli.  In  No.  40  the  lesions  were  the  same.  The  lungs  were  normal  but 
contained  lung  worms. 

October  10. — Nos.  1  and  2,  fed  with  viscera  of  dead  pigs  September  81,  found  dead 
this  moring.  In  both  there  was  extensive  necrosis  in  ileiun  and  large  intestine, 
while  the  lungs  were  normal.  Cultures  from  the  spleen  of  No.  2  contain  only  hog 
cholera  bacilli. 

Nos.  41  and  42  fed  together  witli  Nos.  39  and  40,  with  hog  cholera  viscera,  October  1 ; 
both  dead  this  morning.  In  both  the  mucosa  of  ileum  and  large  intestine  was  ne- 
crosed; the  lungs  were  entirely  normal.  Cultures  from  the  spleens  of  both  on  agar 
contained  only  hog  cholera  bacilli. 

October  15. — No.  467,  exposed  since  September  20,  found  dead  this  morning.  Post-^ 
mortem  changes  begun.  Thorax  and  abdomen  contain  a  considerable  quantity  of 
bluish-red  serum  of  an  offensive  odor.  Spleen  enlarged,  congested.'  Lymphatics 
of  groin  hemorrhagic.  No  ulcers  in  large  intestine,  but  mucosa  highly  innamed. 
Lungs  contain  a  few  hemorrhagic  points,  otherwise  entirely  normal. 

October  18. — No.  71,  exposed  October  8,  dead  this  moiTiing.  Limgs  normal.  The 
lesions  are  confined  to  digestive  tract.  Slight  diphtheritic  deposit  on  mucosa  ojf 
lower  ileum.  In  caecum  and  colon,  the  deep  wine-red  mucosa  is  studded  with  a  large 
number  of  small  ulcers.  Culture  on  agar  from  spleen  contains  only  hog  cholera 
colonies. 

October  19. — No.  73,  exposed  October  8,  dead  this  morning.  Spleen  enlarged  and 
lymphatics  generally  liemorrhagic.  Lungs  contain  numerous  hemorrhagic  centers 
from  one  to  four  lines  across.  In  each  ventral  lobe  a  small  region  coUapsed  ;  no 
hepatization .  Kidneys  contain  hemorrhagic  points.  Extensive  ulceration  of  caecum 
and  colon.     Culture  from  spleen  contains  hog  cholera  bacilli. 

October  21. — No.  74,  fed  with  viscera  from  diseased  pigs  October  13,  died  this 
morning.  Extensive  ulceration  in  both  large  and  small  intestines.  Spleen  engorged. 
Lungs  normal. 

October  22. — No.  72,  exposed  October  8,  dead  this  morning.    In  this  case  we  again 
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Qieet  with  lung  disease.  Lung  small.  Left  lung  roughened  on  the  entire  surface, 
condensing  in  some  plaoee  into  a  delicate  mesh-work.  The  lesser  half  of  principal, 
the  whole  of  ventral,  and  portion  of  cephalic  lobe  airless.  In  the  principaui  lobe  the 
hepatization  varies  from  a  catarrhal  plugging  of  air-tubes  and  alveoli,  near  the 
caudal  tip,  to  a  dark-red  croupous  condition  towards  the  center  of  the  lobe.  The  right 
lung  is  free  from  pleuritis.  On  the  diaphragmatic  surface  of  principal  lobe  are  from 
six  to  seven  patches  from  one-half  to  1  square  inch  in  area  ox  a  bright  red,  miottled 
regularly  with  grayish-yellow  points.  On  section  these  hepatized  regions  are  of  a 
grayish  pink,  mottled  with  deep  red.  The  air-tubes  exude  a  soapy  nuid  on  com- 
pression. The  ventral  lobe  and  a  portion  of  the  principal  lobe  in  the  same  condition. 
Bronchial  glands  enlarged,  firm,  sUghtly  reddened.  In  both  bronchi  a  large  num- 
ber of  lung  worms,  which  are  very  probably  the  cause  of  much  of  the  bronoho- 
pneumonia.    No  inoculations  were  made  from  it. 

Spleen  slightly  enlarged,  congested.  A  small  quantity  of  blood-colored  serum  in 
the  abdominal  cavity  and  some  fibrils.  Kidneys  with  numerous  hemorrhagic  points 
in  medulla.  Stomach  and  duodenum  normal ;  five  aacarides  lodged  in  common  bile 
duct.  In  ileum  the  walls  are  triple  the  normal  thickness  ;  the  mucosa  is  conTerted 
superficifijly  into  a  yellow,  leather-like,  creased  siuf  ace  ;  when  this  necrosed  mass 
is  forciblv  scraped  away  a  deep  wine-colored  tissue  is  exposed.  In  the  colon  iAxB 
deeply  reddenea  membrane  is  studded  with  about  twelve  small  ulcers  to  a  square  inch. 
In  the  caacum  the  entire  membrane  is  involved  down  to  the  muscular  coat. 

No.  70,  exposed  since  October  8,  dies  this  evening.  Lungs  normal.  Lesions  lim- 
ited to  digestive  tract  and  as  severe  as  those  of  No.  12,  just  described. 

October  38. — No.  68,  exposed  since  October  8,  dead  this  morning.  Spleen  en- 
larged. Lungs  with  pietecchiae  on  surface ;  no  broncho-pneiunonia.  Mucosa  of  large 
intestine  deeply  congested  and  beset  with  very  many  small  ulcers. 

October  34.— -No.  75,  fed  with  diseased  viscera  October  18,  and  since  then  exposed 
in  infected  pen,  dead  this  morning.  Spleen  enlarged  :  large  intestine  extensivelj 
ulcerated.    Lungs  normal. 

October  26. — No.  67,  exposed  since  October  8,  dead  this  morning.  Ventral  smr- 
fax>e  of  body  reddened.  Spleen  enlarged  and  dark,  friable.  Lymphatics  in  general 
enlarged,  indurated,  pale.  Mucosa  of  great  curvature  of  stomach  intensely  inSamed. 
About  70  ulcers  present,  partly  hemorrhagic.  Small  superficial  ulcers  throughout 
small  intestine,  with  lemon-yellow  slough.  The  entire  large  intestine  contains 
them,  including  rectum,  about  one-eighth  to  one-half  inch  across.  Slough  of  a 
dirty-yellowish  color.    Lungs  normal. 

October  27. — No.  468,  pig  about  one  year  old,  exposed  since  October  1,  foimd  dead 
this  morning  without  any  marked  signs  of  previous  illness.  Spleen  enlarged,  with 
niunerous  hemorrhagic  infarcts.  Considerable  blood-stained  Berum  in  abdominal 
cavitv.  Lymphatics  generally  with  cortex  or  entire  substance  hemorrhaAlo.  A 
few  nemorrhagic  spote  in  stomach.  The  serosa  highly  infiamed;  several  small 
ulcers  near  valve.  Mucosa  of  large  intestine  dotted  with  petecchiss  and  discolored 
with  diffuse  extravasation.  Kidney  with  cortex  and  medulla  pervaded  with  punc- 
tiform  hemorrhages.  Several  ulcers  with  neoplastic  base  in  caecum.  Right  lung 
lightly  glued  to  chest  wall.  Considerable  hemorrhage  in  tliis  pleural  sac.  Over  the 
major  portion  of  the  pleura  of  the  right  lung,  after  removal,  a  closely  adherent, 
thin,  opaque,  false  membrane.  The  tip  of  ventral  and  cephalic  lobe  collapsed.  The 
pleura  of  the  cephalic  (anterior)  lialf  oi  left  lung  covered  oy  a  delicate  network  of  ex- 
udate. CJollapse  as  in  right  lung.  In  general  the  various  lobes  are  glued  together. 
The  lung  tissue  itself  is  pervaded  with  small  hemorrhages,  and  oeaematous.  No 
hepatizanon.  •  Bronchial  glands  hemorrhagic.  From  the  spleen  several  cultures 
{agar  and  liquid)  contain  only  hog  cholera  bacilli.  These  are  visible  in  large  num- 
bers on  cover-glass  prepai-ations  of  spleen  pulp.  Oelatine  roll  cultures  show  the 
same  organisms. 

November  2. — No.  66,  exposed  since  October  18,  dead  this  morning,  Post-viortem, 
Decomposition  advanco^l.  Peritonitis,  Extensive  ulceration  of  lower  ileum  and 
large  intestine,  Ventral  lobes  of  lungs  airless.  Lung  tissue  with  hemorrhagic 
points. 

November  3, — No.  81,  exposed  October  22,  dead  this  morning.  Large  intestine 
with  mucosa  highly  inflamed  and  slightly  ulcerated.    Lungs  normal. 

November  4. — No.  80,  exposed  since  October  22,  dead  this  morning.    Intense  oon- 

?;e8tion  of  mu<;osa  of  large  intestine,  also  numerous  ulcers.    The  mucosa  of  ileum 
or  3  feet  from  valve  corapletelv  necrosed.     Lungs  normal. 

December  7. --No.  94,  exposea  since  November  28,  dead  this  moning,  Ulceration 
beginning  in  the  large  intestine.  Lungs  with  a  few  hemorrhagic  K>ci;  otherwise 
normal. 

December  8.— No.  54,  exposed  since  November  13,  dead  this  morning.  Several  old 
ulcers  in  large  intestine.    Lungs  normal. 
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In  this  connection  tlie  following  case  is  of  great  interest,  not  only 
in  showing  the  extent  to  which  swine  plague  may  go  in  tiie  destruc- 
tion of  lung  tisaue,  but  also  in  showing  that  animals  may  live  for 
some  time  with  only  a  small  portion  of  the  lung  tissue  capable  of 
performing  its  function: 

No.  463  had  been  exposed  to  hog  cholera  at  the  beginning  of  1888,  but  did  not 
take  the  di»ea*^e.  It  was  used  subsequently  for  experiments  on  purgatives,  and 
dosed  with  calomel  several  times.  October  1  it  w^as  placed  in  the  infected  hog 
cholera  and  swine  plague  pen.  It  had  been  thin  and  unthrifty  for  Beveral  months 
previoua,  and  failed  to  grow  in  weight.  After  staying  in  this  pen  for  more  than 
three  months,  api>arently  resisting  infection,  it  suddenly  died  January  14,  The  ab- 
dominal organs  were  in  general  healthy,  excepting  the  liver,  which  was  cirrhosed. 
When  cut  a  gritty  sensation  was  imparteil  to  the  hand.  The  stomach  was  also  ca- 
tarrhal.    There  were  no  ulcers  in  the  intestinal  tract. 

The  lungs  were  extensively  iliseiised.  AU  but  about  one-fourth  of  the  right  lung 
and  one-sixth  of  the  left  lung  solid.  These  regions  were  situated  on  the  dorsal  as- 
pect of  the  principal  lobe,  and  were  very  hyperajmic,  Tlie  remainder  of  the  lung 
tlsmie  (with  exceptions  to  be  given)  is  converted  into  a  yellowish-white,  homogene- 
ous mass,  having  the  consistency  of  rubber  to  the  touch,  and  cutting  like  moder- 
ately liard  cheese.  Scraping  brings  away  scarcely  any  of  the  tissue.  The  inter- 
lobiilar  tissue  and  small  bronchioles  sliow  very  faintly  or  are  effaced.  In  several 
places  the  hepatized  tissue  is  breukinje;  down  into  a  pasty,  grayish  mass.  In  the  left 
principal  lobe  a  sequestrum,  nearly  2  inches  in  diameter,  of  a  putty-like  consistency. 
The  right  ventral  lobe  is  also  well-nigh  converted  into  the  same  pasty  material,  and 
the  centre  of  the  azygos  lobe  is  softening, 

The  various  lobes  are  bound  together  by  tough  fibrous  tissue.  The  pleura  is  every- 
where thickened  by  the  formation  of  bands  and  patches  of  fibrous  tissue. 

In  order  to  test  the  pathogenic  effect  of  this  germ,  the  following 
inoculations  were  inade  in  addition  to  those  upon  rabbits  already  de* 
scribed: 

Two  fowls  which  were  inoculated  into  tJie  pectoral  with  1  cubic  centimeter  each 
of  a  liquid  culture  showed  no  signs  of  disease.  Two  pigeons  inoculated  with  i  oubic 
centimeter  each  likewise  resisted  successfully. 

Two  mice  received  about  ^  cubic  centimeter  of  a  liquid  culture  under  the  skin 
near  the  root  of  the  tail.  One  died  on  the  second,  the  other  on  the  third  day  after 
inoculation.  In  the  spleen  and  heart's  blocxi  of  both  were  large  numbers  of  polaiv 
stained  swine  plague  bacteria.  In  one  of  them  a  gelatinous  exudate  on  the  pleura 
consisted  of  immense  numbers  of  these  germs,  together  with  many  leucocytes,  whose 
protoplasm  was  gorged  with  them.  The  lungs  were  in  part  hepatized.  (In  both 
mice  the  duodenum  was  greatly  distended  by  masses  of  tape- worms;  in  one  the  Uver 
and  kidneys  were  far  advanced  in  fatty  degeneration.  These  patholoj^cal  conditions 
no  doubt  nastened  the  fatal  result.) 

Effect  on  j^igs. — Our  past  experience  with  this  germ  is  that  it  is 
difficult  to  predict  results  of  inoculation  into  pigs  unless  large  quan- 
tities are  injected.  This  is  particularly  true  when  the  germs  are 
obtained  from  an  outbreak  ot  a  mild  character,  as  was  the  case  with 
the  one  under  consideration.  The  following  inoculations  without 
any  result  confirm  this  past  experience:* 

October  8. — From  an  agar  culture  obtained  from  a  rabbit  inoculated  with  lung 
tissue  (pig  No.  0).  tlie  condensation  water  containing  an  abundant  growth  of  swine 
plague  nacteria  was  mixed  with  10  cubic  centimeters  of  sterile  bouillon.  A  bouil- 
lon peptone  culture  from  the  same  source  was  added  to  this,  making  20  cubic 
centimeters  in  all.  One  pijaf  (No.  36)  was  inoculated  subcutaneously  with  10  cubic 
centimeters  of  the  culture  liquid,  one-half  into  each  thigh.  No.  87  was  inoculated 
into  the  riglit  lung  through  the  chest  wall,  receiving  8  cubic  centimeters.  No.  38 
was  inoculated  in  the  same  place,  2  cubic  centimeters  being  injected. 

No.  86  manifested  no  ill  effects,  being  watched  several  months.  No.  87  likewise 
remained  well.  No.  88  began  to  decline  about  a  month  after  the  inoculation,  and 
three  months  after  apjjeared  stunted  and  xmthrifty  although  it  ate  very  weU. 
Owing  to  its  poor  condition  it  was  kiUed  January  23.    There  were  no  lesions  of  ab- 

*  Compare  with  these  similar  inoculations  made  with  swine  plague  genus  from 
a  severe  Iowa  outbreak,  p.  193. 
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dominal  or  thoracic  organs,  excepting  a  few  membranous  expansions  of  connective 
tissue  fastening  the  ventral  border  of  a  i)art  of  the  right  limg  to  the  chest  walL 
Closer  examination  revealed  an  old  pleuritis,  indicated  by  sm^  shreds  of  fibrous 
tissue  firmly  adherent  to  the  convex  surface  of  the  same  lung.  In  the  cephalic 
lobe  were  two  or  three  small  collapsed  masses.  The  limgs  were  sound  witn  this 
exception. 

SOME  GENERAL   OBSERVATIONS  ON  THIS   EPIZOOTIC. 

As  already  stated,  in  the  latter  part  of  September  three  pigs  from 
one  herd  ana  one  from  another  in  the  vicinity  of  Baltimore,  Md. ,  were 
found  to  contain  the  lesions  as  well  as  the  germs  of  two  infectious 
diseases.  One  of  these  pigs  communicated  both  diseases  to  pigs  at 
the  Experiment  Station.  The  swine  plague  rose  rapidly  in  severity 
and  then  fell  equally  fast,  and  almost  disappeared  within  a  month 
after  its  introduction.  The  hog  cholera,  however,  continued  until 
the  middle  of  January,  1889,  witn  variable  severity.  Moreover,  not 
all  animals  took  swine  pla^e,  while  none  of  them  died  of  that  disease 
alone.  Previous  observations  have  shown  that  swine  plague  did  not 
last  very  long,  at  least  not  so  long  as  hog  cholera  when  associated  with 
it.  That  it  may,  however,  become  exceptionally  severe  is  proved  by 
investigations  made  in  Iowa  in  November,  1888,  and  reported  below. 

Before  speaking  of  the  characters  of  the  disease  as  observed  in  this 
outbreak,  it  must  be  said  that  it  is  by  no  means  safe  to  make  deduc- 
tions as  to  the  lesions  caused  by  one  disease  germ  or  another  in  the 
same  animal  when  we  have  a  double  disease  to  deal  with.  Hence 
the  brief  statements  made  must  be  considered  merely  as  opinions 
rather  than  positive  statements.  The  lung  disease  is  especially  puz- 
zling, in  so  lar  as  the  lesions  in  different  lungs  and  in  different  parts 
of  the  same  lungs  are  of  such  different  character.  I  am  of  the  opin- 
ion that  swine  plague  causes  a  pneumonia  essentially  catarrhal  in 
character.     In  this  outbreak,  however,  much  of  the  pneumonia  ap- 

S eared  croupous,  i,  e.,  red,  granular.  A  certain  number  of  cases 
ied  of  pulmonary  hemorrhages,  and  I  am  inclined  to  think  that  the 
hemorrhage  and  the  red  hepatization  were  resultants  of  hemorrhagic 
lesions  of  the  lung  tissue  so  common  in  unconiplicated  hog  cholera. 
Usually  the  dependent  lobes  appeared  to  be  affected  with  a  chronic 
broncho-pneumonia,  upon  which  the  swine  plague  was  grafted  sec- 
ondarily. It  was  quite  common  to  find  the  ventral  lobes  with  the 
air-tubes  filled  with  yellowish- white  consistent  plugs,  or  else  creamy 
in  character,  while  other  portions  were  involved  m  simple  pneumonia 
without  implication  of  the  air-tubes.  Knowing,  as  we  do,  fhatt 
broncho-pneumonia  is  not  uncommon  both  in  young  pigs  free  from 
any  infectious  disease  and  in  such  as  die  of  hog  cholera,  it  is  reason- 
able to  suppose  that  such  lungs  are  especially  vulnerable  in  the  pres- 
ence of  swme  plague  virus. 

In  a  considerable  number  of  cases  lobules  were  found,  chiefly  in  the 
middle  and  cephalic  third  of  the  lungs,  apparently  necrosed.  On  mi- 
croscopic examination  such  lobules  contained  a  variety  of  bacteria, 
chiefly  streptococci,  ranged  along  the  periphery  of  the  lobule  in  large 
masses  or  colonies,  which  were  brought  out  very  well  by  the  Qram- 
Weigert  stain.  It  is  probable  that  the  lobule  became  necrosed  be- 
cause of  the  plugging  of  its  vessels  by  thrombi,  and  that  these  bacte- 
ria invaded  it  as  putrefactive  forms.  At  the  same  time  we  must  ad- 
mit that  so  far  as  we  know  the  process  may  be  the  very  opposite. 
Frequently  the  disease  process  is  still  more  complicated  by  lesions 
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due  to  Ixing  worms.  In  some  lungs  the  caudal  tip  of  thQ  large  prin- 
cipal lobe  on  both  sides  was  converted  into  a  solid,  rather  hard,  gray- 
ish-yellow mass,  evidently  due  to  the  irritation  of  lung  worms  which 
settle  in  this  locality.  It  is  probable  that  swine  plague  may  start  in 
such  a  nidus,  although  the  peculiar  hepatization  is  not  origmally  due 
to  swine  plague. 

In  the  cases  of  swine  plague,  pleuritis  was  a  common  and  promi- 
nent lesion,  directly  traceable  to  the  virus.  It  iiS  not  unlikely  that  pleu- 
ritis in  old  cases  of"  hog  cholera  is  caused  now  and  then  by  septic  or- 
ganisms entering  the  serous  cavities  through  the  ulcerations  in  the 
mrge  intestines. 

R  is  interesting  to  note,  although  not  belonging  to  this  outbreak, 
the  uniformity  with  which  ulceration  of  the  large  intestine  accompa- 
nied intra-abdominal  injection  of  hog  cholera  bacilli  in  the  vaccina- 
tion experiment.  The  superficial  character  of  most  of  the  ulcerations 
would  lead  us  to  assume  that  the  virus  had  acted  upon  the  mucous 
membrane  from  the  surface  rather  than  in  the  form  of  emboli  from 
the  sub-mucosa,  in  which  case  we  should  expect  tlie  ulcers  to  be  deep 
and  rather  small  in  size.  But  there  was  no  evidence,  except  in  one 
case  (No.  484),  of  injury  to  the  wall,  and  we  may  have  to  accept  the 
alternative  that  only  two  or  three  animals  were  inoculated  within  suf- 
ficiently sterilized  cultures,  and  that  the  remainder  took  the  disease 
from  these  by  taking  the  virus  in  with  the  food. 

The  experiment  of  intra-abdominal  injection  of  sterilized  cultures 
in  large  quantities  has  since  been  repeated  without  any  accident,  and 
wiU  be  reported  when  completed. 

INVESTIGATIONS  OF  SWINE  DISEASES  IN  IOWA. 

In  determining  upon  rules  and  regulations  necessary  for  the  sup- 
pression and  prevention  of  infectious  diseases  it  is  necessary  to  know 
their  causes  and  all  that  pertains  to  their  life  history.  As  long  as 
these  are  not  fully  known  the  rules  that  are  laid  dovni  can  only  be 
regarded  as  provisional  and  subject  to  change  after  more  thorough 
investigations.  For  the  same  reason  the  preventive  measures  appli- 
cable to  one  disease  can  not  be  applied  to  another  if  there  are  differ- 
ences in  the  microbes  that  cause  the  diseases.  We  have  already 
demonstrated  in  this  and  former  reports  that  all  infectious  swine 
diseases  in  our  country  are  not  the  same.  We  have  separated  them 
into  two  diseases,  hog  cholera  and  swine  plague.  Although  there  is 
much  that  is  alike  in  both  diseases  and  in  the  bacteria  causing  them, 
the  latter  are  distinguished  from  one  another  in  a  number  of  ways, 
the  most  important  of  which  is  a  difference  in  their  resistance  to  de- 
struction and  their  behavior  in  the  surroundings  of  the  animals,  such 
as  soil,  water,  etc. 

One  of  the  problems  before  us  now  is  to  determine  the  relative  dis- 
tribution of  these  two  diseases  in  our  country.  Are  there  certain 
regions  overrun  by  one  of  these  diseases  and  free  from  the  other  ? 
Wnat  regions  are  afflicted  with  both  diseases  ? 

It  was  to  aid  in  solving  these  questions  that  advantage  was  taken 
of  the  reported  prevalence  of  swine  disease  about  Mason  City,  Iowa, 
in  November,  1888.  Owing  to  the  very  willing  assistance  of  Messrs. 
L.  M.  Van  Auken,  H.  I.  Smith,  and  others,  of  Mason  City,  in  locat- 
ing for  us  the  places  where  the  disease  existed,  and  in  lumishing 
vsiluable  information  concerning  the  spread  of  disease  in  that  section 
of  the  country,  as  well  as  the  readiness  with  which  the  owners  of 
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diseased  swine  placed  all  the  means  and  animals  at  our  dispbsal,  it 
was  possible  to  examine  several  animals  from  three  separa^  farms 
withm  two  days.  Owing  to  the  exigencies  of  bacteriological  work 
it  is  necessary  to  work  quickly  in  order  to  obtain  any  results. 

Farm  -4.— The  disease  appeared  about  November  1,  in  a  herd  of 
sixty-five  shoats,  weighing  at  the  time  from  80  to  jlGO  pounds  each. 
They  were  kept  in  a  one-acre  lot  at  the  time  the  disease  appeared  and 
fed  upon  all  the  new  corn  they  would  eat,  together  witli  slops  from 
the  house.  The  pigs  were  all  dead  at  the  beginning  of  December. 
Of  this  herd,  three  pigs  were  examined  on  November  18,  i,  e.,  in  the 
middle  of  the  outbreak. 

November  18. — Pig  No.  1,  black  female  Bhoat,  died  either  yesterday  afternoon  or 
last  night,  during  which  there  had  been  a  heavy  frost.  Superficial  inguinal  glands 
very  much  enlarged,  dark  red.    On  section,  mottled  with  grayish  lines  and  circles, 

{probably  due  to  cell  infiltration  of  the  lymph  channels.  The  ventral  lobee  of  bo*h 
ungs  collapsed,  fiesh  red.  Broncho-pneumonia  in  ite  early  stages ;  no  pleuritui. 
Spleen  but  moderately  enlarged,  not  congested.  In  peritoneal  cavity?  on  ooils  of 
large  intestine,  a  few  stringy,  loose  deposits  of  fibrin.  Kidneys  normal.  On  the 
mucosa  of  the  large  intestine  a  very  thin  membranous  deposit  not  much  thicker 
than  heavy  paper.  It  is  easily  peeled  off,  showing  a  deep  wme-red.  surface  beneath. 
The  blind  end  of  the  caacum  is  converted  by  a  transverse  partition  of  infiammatca'y 
origin  into  a  closed  cavity  larger  than  a  hen's  eg^.  The  walls  of  this  sac  are  at  least 
haff  an  inch  thick,  and  the  surface  of  the  partition  facing  the  colon  is  covered  by  a 
l^ck  yellowish  mass,  partly  necrotic,  partly  neoplastic.  This  may  have  been  the 
result  of  ulceration.  An  agar  culture  of  tlie  spleen  made  with  a  bit  of  tissue  re^ 
mained  sterile. 

A  portion  of  the  mucosa  of  large  intestine  and  of  the  diseased  lung  tissue  wer€) 
placed  in  sterile,  plugged  test-tubes  and  kept  in  the  cold. 

On  December  1,  a  portion  of  each  was  torn  up  in  sterile  bouillon  and  injected 
hypodermically  into  two  rabbits.  The  one  inoculated  from  the  intestine  remained 
alive  and  well,  but  the  other  died  in  three  days.  There  was  a  sanguinolent,  cellular 
thickening  of  the  subcutis  of  the  inoculated  thigh  and  adjac(  nt  groin.  The  thigh 
muscles  under  the  exudate  were  of  a  grayish  color  and  faintly  ecchymosed.  There 
was  peritonitis  indicated  by  ecchymosis  of  the  serous  surface  of  ca*cum  and  a 
membranous  exudate  on  spleen  and  liver.  The  dorsal  wall  of  the  peritoneal  cavi^ 
and  the  serosa  of  rectum  were  also  involved.  Liver,  spleen,  and  kidneys  muolb 
congested.  On  section  the  medullary  portion  of  kidneys  wells  up  slightly  above 
the  cortical  portion.  In  left  lung  5  to  6  foci  of  dark  red  hepatization.  A  cover* 
glass  applied  to  the  exudate  on  spleen  shows  an  immense  number  of  cocci  and  a 
small  number  of  leucocytes.  In  blood  and  spleen  pulp  they  are  rare.  An  a^r  cult- 
ure from  the  latter  and  a  bouillon  culture  of  th^  former  are  both  pure  culturea  ot 
what  seems  to  be  the  swine  plague  germ. 

About  one  month  later  (January  8)  a  fresh  rabbit  was  inoculated  from  an  OiOar 
culture  meanwhile  renewed  several  times.  A  little  of  the  growth  was  dilutea  in 
sterile  beef  infusion  and  i  cubic  centimeter  injected  subcutaneously.  The  rabbit 
died  on  the  fourth  day,  with  extensivelesionsof  the  subcutis  of  abdomen  and  thigh, 
partly  yellowish,  pasty  suppuration,  partly  ecchymotio.  The  peritoneal  cavity  was 
affected  in  the  same  way ,  tne  lesions  being  exudative;  partly  hemorrhagic.  The  samA 
organisms  injected  were  found  in  the  exudate  and  Internal  organs  on  cover-glas8 
preparations  and  by  cultivation. 

Pig.  No.  2,  small  red  male.  Hair  almost  entirely  shed;  very  much  emaciated; 
<lied  yesterday.  Lvmphatic  glands  of  inguinal  region  enlarged,  jiale  red.  Ohimges 
similar  to  those  in  No.  1,  but  much  less  marked.  Lungs  normal,  excepting  the  vcoy 
tip  of  one  lobe.  Spleen  moderately  enlarged  but  considerably  congested.  Kidneys 
normal.  On  oix'nmj?  abdomen,  the  ulceration  of  the  large  intestine  was  manifest 
from  the  serous  surface  of  the  coils,  between  wliich  in  the  meso-oolon  there  was 
a  gelatinous  exudate;  the  meso-colic  glands  as  large  aa  small  beans.  The  csBcum 
was  glued  fast  to  the  adjacent  kidney  and  a  clot  as  la^ge  as  a  marble  adherent  tp 
the  former  in  another  place.  When  opened,  four  deep  ulcers  were  found  in  the 
ceecum.  When  the  superficial  slough  was  scraped  away  the  tissue  beneath  was 
found  infiltrated  with  blood.  The  mucosa  of  entire  colon  was  beset  with  super- 
ficial sloughs,  ohiefiy  on  the  ridges,  and  small  round  ulcers  more  sparingly  dissemi- 
nated. 

portions  of  the  diseased  mucosa  were  cut  out  and  preserved  in  the  cold  in  sterile, 
plugged  test  tubes.    November  20,  a  rabbit  was  inoculated  by  placing  a  portion  of  fm 
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under  the  skin  of  the  thigh.    This  rabbit  lived  until  December  7,  seventeen  days 

inoculation.     Over  the  pubis  a  tumor  as  large  as  a  hen's  egg,  which  seems  to 

lonsist  of  the  thigh  muscles  greatly  enlarged  by  abscesses  between  the  bundles  of 
ibers;  contents  of  abscesses  cheesy.  Over  the  abdomen  thickening  of  subcutis, 
vith  sero-gelatinoUs  exudate  on  peripliery  of  tldckoned  area.  On  epicardium  a 
;elatinou8  deposit,  and  in  heart  muscle  about  six  whitish,  homogeneous,  masses 
Tom  one-eighth  to  one-quarter  inch  in  diameter.  Spleen  slightly  enlarged,  dark. 
!^o  bacteria  to  be  seen  in  spleen  pulp,  but  the  large  pale  cells  have  their  protoplasm 
Hied  with  deeply  stained  (methylene  blue)  points,  lii  the  belief  that  the  local  effect 
)f  the  inoculation  was  the  cause  of  death,  as  the  rabbit  had  lived  so  long,  only  two 
ubes  of  agar  were  inoculated  with  bits  of  the  enlarged  thigh  muscle.  These  re- 
nained  sterile. 

On  December  1  another  ulcer  was  inoculated  by  tearing  it  up  in  sterile  water  and 
njecting  i  cubic  centimeter  of  the  suspension  of  ulcerated  tissue.  Tliis  had  been 
£ept  in  Sie  refrigerator  or  the  outside  air  since  it  was  collected.  It  was,  however, 
xmsiderably  decomposed .  The  rabbit  died  December  1 1 .  There  was  in  this  case  also 
jxtensive  pasty  thickening  of  the  subcutis  over  the  thigh  and  abdomen  about  one- 
luarterinch  thick.  No  peritonitis.  Spleen  enlarged,  dark,  softened.  Lungs  pale; 
>iood  dark,  coagulated  very  imperfectly.  In  the  csecum  for  about  3  inches  from 
;he  blind  end  are  about  eight  ulcers.  The  surface  of  the  ulcers  is  hemorrhagic,  the 
3ase  made  up  of  thickened  pale-red  tissue.  The  genesis  of  these  ulcers  was  explained 
in  subsequent  cases  as  a  caseous  (suppurative)  condition  of  the  follicles  in  the  walls 
)f  the  intestine,  which  broke  through  the  membrane  and  caused  hemorrhage  on  the 
mucous  surface.  They  may  have  been  due  to  emboli  from  the  inflamed  subcutis, 
which  was  very  likely  the  cause  of  the  abscesses  in  the  heart  muscle  of  the  preced- 
ing case. 

Cover-glass  preparations  from  the  spleen,  liver,  blood,  and  subcutaneous  infiltra- 
tions revealed  no  oacteria,  but  a  considerable  number  of  leucocytes  with  elongated 
Dr  divided  nucleus,  in  the  protoplasm  of  which  were  numerous  punctiform  bodies 
leeply  stained  (methylene  blue).  Agar  tubes  were  inoculated  from  hver,  spleen, 
md  blood.  All  but  one  remained  sterile.  This  contained  a  motile  bacillus  very 
much  hke  the  hog  cholera  germ,  but  it  grew  more  vigorously  on  agar  and  liquefied 
^latine,  besides  having  no  effect  on  mice  and  rabbits.  The  swine  plague  germ  was 
therefore  not  obtained  in  cultures  from  these  rabbits. 

At  the  same  time  (November  3)  a  shoat  (No.  8)  was  killed  for  examination  which 
veas  reported  to  have  been  sick  for  some  time.  On  the  back  of  the  neck  there  was 
ui  area  3  to  4  inches  in  diameter,  from  which  the  skin  had  doughed  away,  and  in 
Rrhioh  the  muscular  tissue  was  exposed  to  view.  This  may  have  accounted,  per- 
liaps,  for  the  illness,  since  nothing  abnormal  was  found  in  the  fl-nima)  exoepung 
collapse  of  the  left  ventral  lobe  of  the  lungs  in  which  broncho-pneumonia  was  not 
fet  apparent.    The  intestines  were  normal. 

Farm  B. — The  disease  had  appeared  about  the  middle  of  October  in 
%  herd  of  63  shoats  and  12  old  hogs.  By  the  end  of  the  year  63  shoats 
and  5  old  hogs  were  dead,  and  the  disease  practically  extinct.  When 
bhe  disease  broke  out  the  shoats  occupied  a  40-acre  corn  field,  and 
were  also  fed  with  skimmed  milk  and  slops  from  the  house.  The  old 
liogs  were  penned,  receiving  all  the  corn  they  could  eat.  The  exam- 
ination included  the  following  cases: 

November  14,  No,  4,  small  pig,  probably  died  yesterday  noon.  Temperature  of 
bhe  air  below  freezing.  Emaciated.  The  disease  seems  limited  to  the  lungs  and 
ligestive  tract.  The  former  have  the  ventral  lobes  airless,  of  a  red  flesh  color.  In 
the  other  lobes  are  a  number  of  scattered  foci  of  collajDse  and  beginning  pneumonia, 
rhe  large  intestines  are  extensively  ulcerated,  tliere  being  at  least  3  ulcers  to  1 
square  inch  of  mucosa.  In  some  places  the  necrosis  is  in  the  form  of  bands  parallel 
to  the  ridges  or  folds  of  the  membrane.  The  lo\\est  foot  of  the  mucosa  in  the 
ileum  is  completely  converted  into  a  slough. 

From  the  spleen,  which  is  small  and  pale,  two  bits  were  placed  in  agar  tubes, 
though  no  bacteria  were  seen  on  one  cover-glass  of  spleen  pulp.  One  tube  re- 
[nained  permanently  free  from  growth  ;  the  other  developed  a  dense  whitish,  glis- 
tening growth,  extending  upward  from  the  spleen  tissue  on  the  surface  of  the  agar, 
[n  bouillon  peptone  it  grew  slightly  more  turbid  than  the  hog  cholera  germ,  but 
dad  the  same  form  and  was  motile.  On  gelatine  it  grew  without  producmg  hque- 
faction.  From  the  liquid  culture  two  mice  and  a  rabbit  were  inocmated  November 
J8.  One  of  the  mice  was  found  dead  on  the  fifth  day.  In  each  lung  dark  red  foci 
>f  hepatization.  Intestines  in  part  blackish,  also  stomach  near  pylorus,  evidently 
lue  to  taury  contents,  which  may  have  been  due  to  hemorrhage,  although  it  wn9 
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impoesible  to  decide  this  point,  owing  to  the  small  size  of  the  animaL  In  the  small 
spleen  a  few  bacteria  were  seen,  but  no  cultures  were  made  therefrom  in  the  expec- 
tation of  getting  baiter  results  from  the  other  mouse  and  the  rabbit.  But  both  of 
these  remained  well,  so  no  importance  was  attached  to  it.  The  mouse  killed  with 
chloroform  one  month  after  inoculation  showed  no  lesions  of  any  kind. 

On  December  1,  two  mice  and  a  rabbit  were  inoculated  from  an  ulcer  of  the  same 
pig  kept  in  a  sterile  test  tube  in  the  refrigerator.  None  of  these  ^Tiim^la  showed 
signs  of  illness  thereafter. 

No.  5,  a  small  pi^,  said  to  have  died  forty-eight  hours  ago.  On  examination  no 
lesions  were  found  m  lungs  or  intestines.  Two  tubes  of  agar  into  which  bits  of  the 
small,  pale  spleen  were  put  remained  sterile. 

No.  o,  of  the  same  size  as  the  two  preceding,  said  to  have  died  about  forty-eight 
hours  ago.  The  ulceration  in  the  lar^e  intestines  was  as  extensive  as  in  No.  4.  Oi 
the  lungs  one  ventral  lobe  was  hepatized.  From  the  spleen,  which  was  considera- 
bly enlsui'ged  and  congested  but  rather  firm,  two  agar  cultm-es  were  made.  These 
remained  sterile,  although  cover-^lass  preparations  had  shown  the  presence  of  strep- 
tococci. Six  days  later  a  rabbit  mocmated  from  an  ulcer,  meanwhile  kept  in  ihe 
cold,  remained  well. 

The  results  of  inoculations  and  cultures  from  these  three  cases  were  thus  entirely 
negative. 

iarm  C. — The  disease  appeared  about  November  1  in  a  herd  of  14 
shoats  and  2  old  hogs.  The  shoats,  weighing  from  125  to  175  pounds 
each)  were  all  dead  before  November  20,  They  had  been  kept  in 
pens  with  a  small  yard  to  run  in,  and  were  being  fed  on  all  the  new 
com  and  water  they  could  consume,  together  with  skimmed  mill 
and  slops  from  the  house.  From  this  herd  the  following  animak 
were  examined : 

November  14,  No.  7j  black  shoat,  weighing  about  125  pounds,  just  dead,  the  vis 
cera  still  quite  warm.  The  animal  is  in  very  ^ood  condition,  although  the  ownei 
claimed  that  it  had  lost  at  least  50  pounds  during  its  illness.  The  lungs  are  perfect 
excepting  the  tip  of  one  ventral  looe,  Where  a  poition  as  large  as  a  small  marble  if 
solid.  Superficial  inguinal  glands  very  large  and  with  cortex  hemorrhagic.  Glandf 
of  lesser  omentum  in  the  same  condition.  The  lower  coils  of  the  ileum  show  undei 
the  serosa  punctiform  extravasations ;  the  walls  are  thickened  and  the  mucosa  itsel: 
is  concealed  by  patches  of  soft  yellowish-white  exudate  about  one-tenth  inch  thick 
It  is  easily  peeled  off  and  exposes  a  deeply  reddened  membrane.  The  large  intes 
tine,  beginning  with  csacum,  is  extensively  ulcerated,  the  ulcers  being  in  genera 
shallow  and  extended.  From  the  spleen,  which  was  very  large  and  gorged  wit! 
blood,  two  bits  of  tissue  were  placed  in  agar  tubes.  These  remained  sterile.  N< 
bacteria  could  be  detected  in  spleen  tissue  with  the  microscope. 

From  one  of  the  ulcers  a  raobit  was  inoculated  November  20  by  placing  a  smal 
bit  of  the  ulcerated  tissue  under  the  skin  and  drawing  the  incision  together  with  t 
single  stitch.  The  animal  died  in  six  davs..  The  subcutis  of  the  inoculated  thi^l 
was  considerably  infiltrated,  on  the  abdomen  only  slightly  so.  On  the  opposite 
thigh  near  the  pubis  a  small  patch  of  hemorrhagic  points  on  the  muscular  tissue 
No  peritonitis.  Spleen  congested,  but  barely  augmented  in  size.  In  spleen  an( 
blood  no  bacteria  could  be  detected;  the  leucocytes  there  contained  the  stained  par 
tides,  as  before  described.  Two  agar  and  two  bouillon  peptone  tubes  were  inocu 
lated  from  the  blood  and  spleen  pulp.    All  four  tubes  remained  sterile. 

No.  8,  animal  about  the  size  oi  No.  7,  died  last  night.  Superficial  inguina 
glands  with  cortex  reddened,  and  occasional  hemorrhagic  points  in  medulla,  whicl 
has  a  decided  greenish-yellow  tinge. 

All  but  a  narrow  portion  along  the  dorsal  region  of  each  limg  solid,  twice  as  larg 
as  in  the  collapsed  condition.  No  pleuritis.  The  entire  hepatized  tissue  contain 
whitish,  cheesy  masses,  from  1  to  4  millimeters  (one  twenty-fifth  to  four  twenty 
fifths  of  an  inch)  across,  which  are  consistent,  so  that  the  whole  lung  cuts  like  live 
tissue.  The  masses  are  so  numerous  as  to  leave  but  little  reddened  lung  tissue  b€ 
tween  them;  odor  moderately  putrefactive.  Liver  has  a  peculiar  mahogany  coloi 
indicating  stasis  of  the  bile  in  the  bile  capillaries  and  ducts.  The  acini  are  plainly 
outlined,  Woodless.  Spleen  exceedingly  large,  due  to  engorgement  with  blood.  L 
the  csBCum  a  large  ulcer  near  the  valve,  about  1^  inches  across,  besides  six  or  sevei 
smaller  ones  one-fourth  to  one-half  inch  across,  the  yellowish  slough  slightly  pro 
jecting. 

From  the  lung  a  rabbit  was  inoculated  November  21.  A  bit  of  lung  tissue  wa 
teased  and  broken  up  in  sterile  bouillon  and  injected  subcutaneously  into  the  thigh 
The  rabbit  was  dead  on  November  24.  The  injection  had  caused  considerable  pailn 
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thickening  of  the  subcutis  on  the  tliigh.  The  spleen  was  enlarged  and  dark  colored. 
Other  lesions  absent.  Cover-glass  preparations  fail  to  show  bacteria  in  spleen,  liver, 
and  heart's  blood.  From  the  spleen  and  the  blood  each  an  agar  anda  bouillon  pep- 
tone tube  were  inoculated.  The  two  agar  and  one  bouillon  tube  contained,  on  the 
following  day,  CTOwths  which  proved  to  be  made  up  only  of  swine  plague  bacteria. 
The  other  bouillon  tube  contained  also  a  short  non-motile  bacillus. 

Another  rabbit  had  been  inoculated  at  the  same  time  by  placing  a  small  bit  from 
one  of  the  ulcers  of  the  caecum  under  the  skin  on  the  inner  surface  of  the  thigh. 
This  animal  was  found  dead  November  27.  There  was  in  this  case  but  sUght  sup- 
purative infiltration  of  the  subcutis  at  the  point  of  inoculation  and  a  few  petecchiss  on 
abdominal  muscles.  Spleen  small,  dark;  liver  congested  and  in  an  advanced  state  of 
fatty  degeneration.  Cysticerci  in  omentum.  In  the  spleen,  liver,  and  blood  an  im- 
mense number  of  swine  plague  bacteria,  showing  very  clearly  the  polar  stain.  Cult- 
ures in  agar  and  in  bouillon  peptone  from  the  spleen  and  heart's  blood  contained 
on  the  following  day  only  swine  plague  bacteria.  A  tube  of  gelatine  inoculated  at 
the  time  failed  to  grow.  Swine  plague  bacteria  were  thus  obtained  from  both  in- 
testine and  lungs  of  No.  8. 

No.  9,  in  size  and  weight  like  the  two  preceding.  So  sick  that  it  was  thought 
best  to  kill  it.  In  this  animal  there  was  no  ulceration  of  the  large  intestines,  but 
in  the  ventral  portion  of  the  left  lung  the  broncho-pneumonia,  so  advanced  in  No. 
8,  was  already  established.  The  spleen  was  moderately  engorged  with  blood.  Two 
agar  cultures  from  spleen  bits  remain  sterile.  From  a  bit  of  lung  tissue  a  rabbit  was 
inoculated  into  the  thigh  subcutaneously  on  November  21.  It  was  found  dead  No- 
vember 25.  The  local  lesion  involves  the  subcutaneous  connective  tissue  of  thigh 
and  abdomen.  The  muscular  tissue  underneath  is  grayish,  discolored.  The  sab- 
cutis  overlying  it  is  thickened  and  softened,  partly  gelatinous,  and  infiltrated  with 
blood  in  the  groin.  The  caecum  directly  underlying  the  subcutaneous  inflammation 
of  the  abdomen  is  dotted  with  hemorrhages  and  about  3  inches  of  the  blind  end  has 
its  walls  very  much  thickened,  softened,  the  serous  aspect  discolored  with  blood  ex- 
travasations, and  the  mucosa  grayish,  softened,  the  contents  of  a  semi-gelatinous, 
colorless  aspect.  Slight  exudate  on  the  ventral  surface  of  the  liver.  The  subcuta- 
neous and  peritoneal  exudates  contain  an  immense  number  of  cocci  ;  in  the  blood 
they  are  few  in  number.  None  show  any  distinct  polar  stain.  Agar  cultures  from 
the  peritoneal  exudate  and  from  heart's  blood  contain,  on  the  following  day,  a 
growth  of  swine  plague  bacteria  only. 

No.  10,  small  shoat,  died  only  a  few  hours  ago.  All  of  left  lung  but  a  small  strip 
of  dorsal  region  hepatized.  The  principal  lobe  is  in  a  condition  or  dark  red  hepati- 
zation interspersed  with  areas  of  a  paler  color.  Over  the  ventral  lobe,  on  its  latei^ 
aspect,  an  exudate  nearly  one-eighth  inch  thick,  lamellar,  easily  scraped  away  as  a 
yellowish- white  pultaceous  mass.  The  lung  tissue  beneath  it  in  a  state  of  advanced 
cellular  infiltration  (broncho-pneumonia).  The  ventral  lobe  of  the  right  lung  is 
likewise  involved  in  broncho-pneumonia.  In  the  caecum  near  the  valve  a  slightly 
depressed,  ragged ,  gnawed  ulcer  about  1  inch  across.  The  mucosa  of  the  entire  valve 
is  also  ulcerated.  No  lesions  lower  down.  From  the  slightly  congested  but  not 
enlarged  spleen  two  agar  cultures  were  made.    These  remained  sterue. 

On  November  21  a  rabbit  was  inoculated  subcutaneously  with  one-fourth  cubic 
centimeter  of  an  emulsion  of  the  lung  tissue  in  sterile  beef  infusion.  This  rabbit  re- 
mained alive  and  apparently  well.  December  17,  nearly  a  month  later,  it  was  kUled 
with  chloroform.  A  large  ulcer  had  formed  on  abdomen,  exposing  tiie  thickened 
subcutis  firmly  attached  to  subjacent  muscular  tissue.  No  peritonitis.  Spleen  small 
and  pale,  liver  dark.  Stomach  well  filled  with  food.  In  the  walls  of  the  caecum  near 
the  blind  end  about  a  dozen  whitish  patehes,  the  largest  a^ut  three-sixteenths  of  an 
inch  across,  the  smallest  barely  visible.  These  patehes  correspond  to  soft  white 
masses,  probably  lymph  follicles  undergoing  suppuration.  In  the  left  limg  a  small 
area  of  hepatized  tissue.  The  process  in  this  case  had  been  localized  in  the  subcutis, 
and  the  condition  in  the  caecum  may  have  been  due  to  embolism. 

On  December  1  a  second  rabbit  was  inoculated  in  the  same  way  from  the  same 
material,  kept  meanwhile  in  th^  refrigerator.    The  result  was  entirely  n^ative. 

The  virulence  of  pure  cultures  of  the  swine  plague  bacteria  obtained  from  pigs 
Nos.  8  and  9  by  inoculation  into  rabbits  was  tested  about  a  month  later  on  rabbits 
by  suspending  a  loop  full  of  the  gelatinous  growth  from  the  condensation  water  of 
agar  cultures  in  about  1  cubic  centimeter  of  sterile  water,  and  injecting  one-eighth  of 
this  amount  subcutaneously.  Rabbit  inoculated  from  culture  from  pig  No.  8,  Jan- 
uary 2,  dead  next  morning — in  less  than  twenty  hours.  Slight  infiltration  of  the  sub- 
cutis of  inoculated  thigh  with  ecchymoses  and  discoloration  of  the  subjacent 
muscle.  Lymph  gland  of  groin  hemorrhagic.  In  the  internal  organs  no  chiuiges, 
no  peritonitis.  Spleen  dark,  sliehtiy  enlaced.  In  spleen  and  liver  an  irnm^sMtrnk 
number  of  polar-stained  swino  plagae  bactma. 
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Rabbit  inoculated  from  culture  from  pig  No.  9,  January  8,  died  within  forty-eight 
hours.  The  lesion  at  the  place  of  inoculation  somewhat  more  pronounced  and  ex- 
tending to  abdomen.  In  the  latter  cavity  the  caecum  and  portion  of  colon  densely 
sprinkled  with  subserous  punctiform  extravasations,  portions  of  rectum  and  duo- 
denum reddened.  A  grayish  viscid  exudate  between  the  ceecum  and  colon,  on 
liver  and  spleen.  The  exudate  consists  chiefly  of  swine  plague  bacteria,  which  are 
also  present  in  the  spleen  and  blood. 

The  following  table  gives  the  results  of  cultivation  and  inoculation 
experiments: 


« 

Date  of 

a  . 
—  o 

autop^. 

^>5 

OS 

Nov.  13 

1 

2 

3 

Nov.  14 

4 

• 

5 

6 

7 

8 

9 

10 

Spleen  cultures  on  agar 
made  within  twenty- 
four  hours. 


Sterile . 
do 


Putrefactive 
one  tube. 

Sterile 

do 

do 

do 

,do 

do 


germ   m 


Rabbit 


Inoculated 
ulcer. 


with 


December  1 ,  no  result 

November  ao,  no  result; 
December  1 ,  doubtful. 


One  rabbit,  two  mice,  no 
result. 


November  JJO,  no  i*esult . . 
November  530,  doubtful . . 
November  21 ,  k  wine  pla^e 


Rabbit    Inoculated 
lunir  tissue. 


with 


December  1,  swine  pla^nie< 


November  21 ,  Rwine  pkLgixe 

Do. 
November  21,  no  result. 
I>ecember  1,  no  result. 


From  the  notes  and  the  tabulated  results  it  will  be  seen  that  the  dis- 
ease under  examination  is  not  hog  cholera.  This  is  abundantly  proved 
by  the  absence  of  hog  cholera  bacilli  from  the  spleen  in  all  cases  ex- 
amined. In  true  hog  cholera  these  bacilli  are  rarely  missed  when 
bits  of  spleen  tissue  are  taken  for  culture,  6,nd  in  many  cases  a  prick 
of  the  platinum  wire  into  the  spleen  is  sufficient  to  produce  a  copious 
growth.  In  the  second  place,  inoculation  of  rabbits  with  material 
From  intestinal  ulcers  is  also  quite  invariably  successful  in  true  hog 
cholera  in  isolating  the  bacilli.  Lastly,  inoculations  of  rabbits  from 
diseased  lung  tissue  in  hog  cholera  are  successful  in  most  cases.  We 
have  in  the  investigation  oef ore  us  therefore  not  the  slightest  evi- 
dence that  hog  cholera  germs  were  present  in  the  diseased  animals. 
It  might  be  objected  that  some  of  the  inoculations  were  made  so  long 
after  the  material  had  been  collected  that  the  specific  germs  died 
meanwhile  or  were  destroyed  by  the  multiplication  of  putrefactive 
organisms.  But  this  objection  may  be  answered  by  tlie  fact  that 
hog  cholera  bacilli  are  very  hardy,  and  could  not  have  been  destroyed 
in  the  time  elapsing  between  post-mortem  examination  and  inoculation 
into  animals,  whicn  was  either  seven  or  sixteen  days,  as  indicated  in 
the  table.  During  this  period  great  care  was  taken  to  keep  the  ma- 
terial in  the  cold  and  in  a  condition  favorable  to  drying  (sterile  test 
tubes  plugged  with  cotton  wool).  Drying  fails  to  destroy  hog  chol- 
era bacilli,  especially  when  surrounded  by  or  imbedded  in  other 
material,  within  one  month  at  the  shortest.  When  these  facts  are 
taken  into  consideration,  the  disease  caif  not  be  pronounced  hog 
cholera,  although  strikingly  resembling  it  in  most  of  the  animals 
examined.  There  is  but  one  alternative  to  be  considered.  The  germ 
producing  the  disease  in  the  intestinal  tract  may  not  be  accessible  by 
the  methods  which  were  used,  i.  e.,  it  may  not  be  capable  of  infect- 
ing rabbits  and  mice  and  destroying  them.  It  may  be  limit^ed  to  the 
mucous  membrane  of  the  digestive  tract  so  that  it  can  not  be  obtained 
in  cultures  made  from  internal  organs,  such  as  the  spleen.  This 
theory  seemed  at  first  a  probable  one  when  a  few  of  the  inoculated 
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rabbits  died  with  what  appeared  to  be  metastatic  abscesses  in.  the 
walls  of  the  ceecum,  in  one  case  in  the  heart  muscle,  although  fill 
the  cultures  from  these  animals  remained  sterile.  It  seemed  reaapjx- 
able  to  assume  that  the  microbe  iii  these  cases  multiplied  in  .the 
abscesses  only.  When,  however,  the  same  disease  in  rabbity  W9>8 
caused  by  inoculating  them  subcutaneously  with  the  contentp  of  the 
caecum  of  healthy  swine,  this  theory  was  abandoned,  for  it  showed 
that  whatever  caused  the  disease  must  have  been  normally  present 
in  the  intestines,  very  probably  as  a  putrefactive  organism. 

Prom  a  few  cases,  however  (lung  Nos.  1,  8,  9;  intestme  No.  8),  swine 
plague  bacteria  were  obtained,  and  without  doubt  the  disease  was 
Que  to  these  germs.  The  lung  lesions  of  Nos.  8,  9,  and  10  were  well- 
nigh  sufficient  to  make  a  diagnosis  of  swine  plague,  but  the  existence 
of  intestinal  lesions  (ulcers  in  No.  2,  7)  without  any  appreciable  dis- 
ease of  the  lungs  had  not  yet  been  encountered  in  Eastern  outbreaks 
of  swine  plague,  where  extensive  pneumonic  and  less  frequently  pleu- 
ritic lesions  nave  thus  far  proved  the  only  reliable  diagnostic  sign. 
The  swin^  pla^e  theory  will  likewise  interpret  the  negative  results 
of  many  inoculations.  Swine  plague  bacteria  are  easily  destroyed  by 
drying,  in  ordinary  water,  and  in  putrefactive  media.  Some  of  the 
animals  (swine  Nos.  4,  5,  and  6)  had  been  dead  from  thirty-six  to 
f  orty-eiffht  hours,  and  meanwhile  exposed  to  a  temperature  below  32° 
P.  Unaer  such  circumstances  any  swine  plague  bacteria  present  in 
the  digestive  tract  may  have  perished  even  beiore  the  autopsies  were 
made.  « 

Taking  these  examinations,  together  with  previous  work  on  swine 
plague  in  the  East,  into  consideration,  we  must  pronounce  the  dis- 
ease not  hog  cholera  but  swine  plague,  basing  this  inference  on  the 
absence  of  hog  cholera  and  the  presence  of  swine  plague  germs. 
The  negative  results  from  the  cases  examined  on  Farm  B  are  ex- 
plained by  the  perishable  nature  of  the  swine  plague  germ,  especially 
m  the  putrefying  contents  of  the  intestinal  tract.  The  following  very 
interesting  case  certainly  favors  the  theory  that  swine  pla^e  alone 
was  decimating  the  hogs  in  that  localitv: 

A  gentleman  near  Mason  City,  Iowa,  nad  lost  during  the  fall  about 
45  swine,  valued  at  $800.  The  last  ones  succumbed  about  six  weeks 
ago.  Several  opened  by  him  had  the  lungs  badly  diseased.  ^  The  in- 
testines were  not  examined.  One  of  the  animals  had  survived  the 
disectse  and  was  now  (November  14)  to  all  appearances  recovered  and 
in  very  good  condition.  The  owner,  however,  was  willing  to  sacrifice 
the  animal,  as  he  believed  the  lungs  diseased.  On  post-mortem  ex- 
amination the  abdominal  organs  were  found  healthy  but  the  lungs 
extensively  diseased.  The  left  lung  was  firmly  adherent  by  short 
bands  of  connective  tissue  fibers  to  the  ribs  and  diaphragm,  so  that 
it  was  well  nigh  impossible  to  remove  it  without  considerable  lacera- 
tion. It  was  shrunken  to  a  small  mass,  and  in  its  substance  were  six 
or  seven  cavities  as  large  as  marbles  filled  with  a  soft,  pultaceous  mat- 
ter. The  walls  of  these  cavities  were  at  least  one-eighth  inch  thick, 
made  up  of  dense  fibrous  tissue  and  stained  unifornuy  on  the  inside 
a  dark  bluish  red.  The  right  lung  was  adherent  in  several  places  to 
the  ribs,  but  contained  no  abscesses. 

This  case  is  chiefly  of  value  in  showing  that  the  disease  Was  limited 
to  the  thoracic  cavity.  The  infection,  introduced  most  likely  through 
the  air  passages  into  different  regions  of  the  lungs,  caused  at  the 
places  of  deposit  pneumonia,  resulting  in  direct  necrosis  or  in  cell 
jnfiltration  (catarrhal  pneumonia,  broncho-pneumonia)  and  subse- 
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quent  caseation.  The  pleura  were  at  the  same  time  involved  by  ex* 
tension  of  the  disease  process.  The  animal  had  recovered  from  the 
attack,  so  far  as  recovery  was  possible,  with  a  lung  riddled  with  cavi- 
ties and  firmly  bound  to  the  chest  wall.  It  would  have  been  very 
desirable  to  determine  by  inoculation  into  rabbits  whether  the  cheesy 
contents  of  the  lung  cavities  still  contained  the  living  germ,  but  this 
was  impracticable  at  the  time. 

Some  additional  statistics  on  the  spread  and  severity  of  the  same 
epizootic  around  Mason  City  were  kindly  furnished  by  Mr.  L.  M. 
van  Auken.  On  December  1,  the  first  farm  north  of  the  one  desig- 
nated as  Farm  C  in  the  preceding  pages  was  overtaken  by  the  disease. 
Of  14  old  hogs  and  62  shoats,  weighing  from  150  to  220  pounds,  2 
old  ones  and  24  shoats  succumbed  up  to  the  second  week  in  January. 
The  animals  when  overtaken  bv  the  plague  were  kept  in  a  yard  of 
about  1  acre  and  fattened  on  soft  com.  A  farm  nortn  of  the  latter 
was  subsequently  infected.  After  5  or  6  had  died  the  rest  were 
shipped.  One  or  the  dead  animals  was  examined  by  the  owner,  and 
the  lungs  said  to  have  been  very  badly  diseased.  Other  herds  in  the 
same  vicinity  were  swept  away  at  nearly  the  same  time. 

Most  of  these  farms  were  visited  by  the  plague  for  the  first  time 
last  fall.  The  disease  is  said  to  have  been  introduced  through  hogs 
taken  from  the  stock-yards  in  January,  1888.  The  disease  seems  to  be 
as  virulent  as  hog  cholera,  and  is  to  be  dreaded  as  much  as  the  latter 
disea.se,  considering  the  rapidity  and  certainty  with  which  it  spread 
from  one  place  to  another  and  tha  high  percentage  of  mortality, 
amounting  in  many  farms  to  100  per  cent. 

SOME  OBSERVATIONS   ON  THE    BIOLOGY  AND  PATHOGENIC  ACTIVITY 

OF  THE  SWINE  PLAGUE  GERM  FROM   IOWA. 

In  form  this  organism  does  not  differ  from  the  swine  plague 
bacteria  obtained  from  various  sources.  East  and  West,  since  1886. 
In  the  tissues  of  rabbits,  when  these  succumb  within  one  or  two  days, 
the  germs  appear  as  polar-stained  bodies.  In  other  words,  when 
stained  in  dried  films  on  cover  glasses,  the  oval  germs  have  both  ex- 
tremities deeply  stained,  while  the  central  transverse  portion  or  band 
is  nearly  colorless.  The  reader  is  referred  to  the  reports  for  1886  and 
1887  for  further  details  concerning  the  form  of  this  fferm.  In  those 
rabbits  which  do  not  die  in  so  short  a  time,  and  in  wnich  the  disease 
develops  into  a  peritonitis  (when  inoculation  is  practiced  on  the 
thigh),  the  germs,  although  exceedingly  abundant  m  the  peritoneal 
exudate,  do  not  all  show  this  polar  stain.  They  resemble  solid  micro- 
cocci more  nearly.  Their  identity  with  the  polar-stained  forms  is 
easily  settled  by  cultivation  and  inoculation  into  fresh  animals. 

In  cultures  the  germ  is  non-motile.  It  grows  especially  well  in 
beef  peptone  agar  at  37""  C.  In  bouillon,  with  or  without  peptone, 
it  ^ows  very  feebly,  barely  clouding  the  liquid.  On  the  surface  of 
boiled  potatoes  no  growth  takes  place  as  a  rule,  even  when  kept  in 
a  moisf  atmosphere  of  37°  C.  Only  once  was  a  faint  development 
observed  with  the  naked  eye.  The  growth  was  smooth,  pure  white, 
or  faintly  cream  color.  In  order  to  detect  its  presence  it  was  neces- 
sary to  catch  the  reflection  of  the  light  at  a  certain  angle.  This  posi- 
tive result  among  so  many  negative  ones  may  be  due  to  differences 
in  the  chemical  reaction  of  the  potato  used.  Growth  in  gelatine  at 
the  temperature  of  the  room  took  place  in  some  instances,  in  others 
it  failed,  so  that  it  could  not  be  d!epended  upon  and  agar  was  used 
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almost  exclusively.  Its  resistance  to  drying  was  tested  with  the  aid 
of  niethods  detailed  in  former  reports.  Cover  glasses  sterilized  by 
heat  and  placed  under  a  sterilized,  inverted,  and  plugged  funnel  re- 
ceived a  little  of  the  growth  on  agar  or  bouillon  peptonfe.  A  few 
hours  suffice  to  dry  them  out  thoroughly.  Twice  a  day  cover  glasses 
were  dropped  into  culture  tubes  containing  bouillon  to  note  any  mul- 
tiplication that  might  take  place.  The  dried  germs  from  agar  cult- 
ures were  capable  of  multiplying  in  the  bouillon  up  to  the  sixth  or 
seventh  day.  Bouillon  into  which  cover-glasses  were  placed  after 
that  time  remained  uniformly  clear.  When  dried  bouillon  cultures 
were  tested  in  the  same  way  the  germs  were  found  to  be  dead  after 
thirty-six  hours.  It  seems,  therefore,  that  germs  massed  together, 
as  in  agar  cultures,  can  withstand  destruction  by  drying  longer  than 
those  desseminatea  in  liauids.  While  the  former  lived  in  uie  dried 
state  about  six  days,  the  latter  lived  only  one  and  a  half  days.  The 
same  curious  fact  has  been  determined  with  reference  to  hog  cholera 
bacilli.  Thus  in  a  recent  laboratory  experiment  hog  cholera  bacilli 
from  bouillon  peptone  cultures  lived  thirty-six  days  in  a  dried  con- 
dition ;  those  from  agar  cultures  twenty  days  longer. 

Pathogenic  properties, — As  in  biological  characters  so  in  pathoge- 
nic power,  the  Iowa  germ  seems  to  agree  with  the  swine  plarae  bac- 
teria of  former  investigations.  Its  eflFect  upon  rabbits  has  been  de- 
tailed in  the  preceding  pages.  Briefly  it  may  be  said  to  produce  in 
them  suppuration  and  nemorrhagic  lesions  in  the  subcutis  and  in  the 
peritoneal  cavity.  More  rarely  it  produces  a  true  septicaemia,  which 
must  be  regarded  simply  as  a  heigntened  effect. 

Their  pathogenic  effect  on  pigs  was  tried  in  various  ways  by  hypo- 
dermic, mtra-thoracic,  and  intra-abdominal  injection  of  pure  cult- 
ures. 

December  1,  one  pig,  about  five  and  one-half  months  old  (No.  88),  received  sub- 
cataneously  into  each  thigh  5  cubic  centimeters  of  a  bouillon  peptone  culture  de- 
rived originally  from  Iowa  pig  No.  8.    No  result. 

At  the  same  time  No.  86,  of  the  same  age,  was  inoculated  into  the  lungs ;  9  cubic 
centimeters  of  a  culture  from  the  same  source  was  injected  through  the  chest  wall 
into  the  right  limg  with  a  hypodermic  syringe  having  a  needle  about  8  inches  long. 
The  skin  at  the  place  of  injection  was  first  disinfected  with  ^a  per  cent,  solution  of 
m^curic  chloride. 

The  pig  was  found  dead  next  morning.  At  the  autopsy  the  superficial  inguinal 
stands  were  found  with  reddened  cortex,  the  spleen  large  and  gorged  with  blood. 
One  or  two  ounces  of  slightly  cloudy  serum  in  the  abdominal  cavity;  a  few  threads 
of  fibrin  stretched  over  the  ventral  surface  of  intestines.  The  meso-colon  attach- 
ing the  two  middle  loops  of  colon  deeply  reddened ;  the  glands  of  meso-colon  and 
csBCum  also  deeplv  congested  throughout  the  parenchyma.  The  mucosa  of  the 
colon  slightly  reddened ;  the  large  patch  of  foUicles  near  the  valve  considerably 
reddened.    Gastric  glands  with  cortex  and  more  or  less  of  parenchyma  reddened.. 

In  right  pleural  sac  2  to  3  ounces  of  blood-stained  serum;  none  in  left  side.  The 
entire  pleural  lining  of  the  right  side  reddened  and  covered  by  a  very  delicate  net- 
work of  exudate,  which  is  easily  scraped  together  into  a  soft,  pulpy,  yellowif^  mass. 
Both  lungs  collapsed,  but  considerably  congested. 

In  the  pleural  exudate  and  in  the  parenchyma  of  the  right  limg  are  large  num- 
bers of  polar-stained  bacteria.  In  tne  spleen  an  immense  number  of  the  same  or- 
ganisms are  present.  In  cultures  obtained  from  this  organ  they  are  identical  with 
those  injected  on  the  preceding  day. 

This  experiment  shows  the  different  effect  of  inoculation,  under  the 
skin  and  into  the  thorax,  of  the  same  quantity  of  culture-liquid. 
While  there  was  no  effect  from  the  former,  the  latter  caused  an 
acute  septicaemia  fatal  in  less  than  twenty-four  hours. 

A  second  experiment  was  tried  in  order  to  obtain,  if  possible,  the 
lung  disease  as  found  in  spontaneous  cases. 
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December  6,  two  pigs  (Nos.  43,  47)  were  inoculated  into  the  thorax 
as  already  described,  No.  43  receiving  1^  cubic  centimeters  of  a 
bouillon-peptone  culture  originally  derived  from  Iowa  pig  No.  1,  and 
No.  47,  3  6ubic  centimeters  of  the  same  culture  liquid. 

No.  47,  inoculated  at  8  a.  m.  Temperature  on  the  following  day,  4.80  p.  m. ,  105*  P. 
Ate  nothing  diiring  the  day.  Respurations  labored,  abdominal.  December  9,  tem- 
perature, w4^°  F. ;  scarcely  able  to  stand ;  respirations  accompanied  by  a  groan. 
December  11,  temperature,  102i;  very  weak  ana  failing  until  lolled  December  11. 
At  the  autopsy  the  spleen  was  found  small,  pale.  Abdonunal  organs  and  lymph 
glands  in  general  normal. 

The  right  pleural  sac  contains  a  considerable  quantity  of  blood-stained  serum.  The 
pleura  of  the  lungs,  the  diaphragm,  and  tlie  chest  wall  of  the  side  highly  inflamed, 
thickened,  and  covered  by  a  thick,  loose,  and  spongy  exudate,  easily  scraped  away. 
The  ventral  lobe  of  the  right  liing  is  soUd,  the  hepatization  dark  redventrally,  wim 
5  or  6  lobules  necrosed  and  of  a  pale-yellowish  color.  Dorsally  in  the  same  lobe  the 
necrosis  is  more  extensive  and  very  likely  represents  the  region  where  the  needle  en- 
tered the  lung  tissue.  On  epicardium  a  thick,  soft  deposit,  the  pericardium  much 
Idiickened.  The  left  lung  normal,  but  adherent  in  several  places.  Of  six  cultonot 
on  agar  made  from  the  pleural  and  the  epicardial  exudate  all  but  one  are  pure 
cultures  of  a  germ  identical  with  the  iniected  swine  plague  bacteria.  Of  mree 
cultures  from  the  spleen  one  remained  sterfle,  the  remaimng  two  contain  only  swine 
plague  bacteria. 

If  this  animal  had  been  permitted  to  live  longer  the  lesions  would 
without  doubt  have  been  more  extensive  in  the  lung  tissue  itself.  As 
it  was,  they  are  sufficiently  severe  and  characteristic  to  prove  the 
pathogenic  power  of  the  bacteria  injected. 

No.  48,  which  received  but  li  cubic  centimeters  (about  one-third  dram)  of  the 
,  same  culture,  showed  signs  of  disease  immediately  by  remaining  quiet,  refuaing 
*  food,  and  Inreathin^  laboriously.  Five  days  later,  temperature  stSl  above  normsu 
(lOSf )  From  this  time  on  it  became  somewhat  better;  its  appetite  returned  in  two 
weeKs.  It  did  not  fully  recover,  however.  One  month  after  l^e  inoculation  it  was 
generally  unthrifty  with  staring  coat  and  enlarged  abdomen.  It  was  killed  January 
28.  The  abdominal  organs  were  normal.  In  the  thorax  both  lungs  were  found 
everywhere  adherent  to  the  chest  wall  and  diaphragm  by  a  continuous  mass  of 
fibrous  tissue  not  jret  very  firm .  The  limgs  themselves  were  not  diseased.  The  peri- 
cardium, however,  was  very  much  thickened,  and  when  slit  open  a  mass  of  -v^te 
cheesy  pus  was  found  under  it,  entirely  encircling  the  heart  near  the  base.  About  12 
cubic  centimeters  of  this  cheesy  mass  was  removed.  The  inner  surface  of  the  thick- 
ened pericardium  was  dark,  bluish  red.  Without  doubt  the  needle,  instead  of  ^ne- 
trating  the  lung  tissue,  haa  entered  the  pericardial  sac  and  deposited  a  portion  of 
the  culture  liquid  in  it,  converting  it  into  a  veritable  abscess  cavity.  Two  a{[ar 
tubes  inoctdatod  from  this  pus  contained  a  moderate  nimiber  of  colonies  which 
proved  to  consist  of  swine  plague  bacteria.  They  had  thus  remained  aHve  ono 
month  and  a  half. 

In  order  to  observe  the  pathogenic  effect  that  might  be  exerted  by 
this  germ  when  deposited  in  the  abdominal  cavity  two  pigs  (Nos. 
138,  139)  received  5  cubic  centimeters  and  2i  cubic  centimeters,  re- 
spectively, in  this  situation.  The  material  used  was  a  bouillon-pep- 
tone culture  twenty- four  hours  old,  made  from  agar  culture  originally 
derived  from  Iowa  pig  No.  9.  The  result  was  negative  so  far  as  any 
severe  effect  was  anticipated.  No.  138,  inoculated  December  27,  re- 
mained very  quiet  for  several  days,  and  could  only  be  made  to  get  up 
with  difficultv.  At  the  end  of  the  third  day  the  temperature  was 
105°  F.     At  tne  end  of  the  week  it  had  nearly  recovered. 

No.  139  showed  the  same  symptoms  at  first,  but  recovered  more 
rapidly  and  was  apparently  well  m  five  days  after  inoculation.* 

♦Recently  an  abdominal  injection  from  agar  cultures  derived  from  pig  No.  8  (Iowa) 
produced  intense  peritonitis,  pleuritis,  a  croupotia  exudate  on  the  mucosa  of  nearly 
two-thirds  of  small  intestines,  and  an  intense  reddening  of  the  mucosa  of  the  laige 
intestine. 
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Sr    TWO    OUTBREAKS    OF    SWINE    DISEASE    IN  VIRGINIA  AND 

MARYLAND. 

/a. — On  a  farm  near  The  Plains,  Va.,  an  infectious  disease  ap- 
nong  the  swine  in  October.  There  were  on  the  farm  at  that 
at  sixty-five  shoats,  fromtliree  to  five  months  old,  weighing 
pounds  each.  The  disease  was  at  its  height  in  November, 
)peared  at  the  end  of  the  year.  Up  to  this  time  about  f  orty- 
l  succumbed.  The  pigs  were  born  on  the  place,  and  had 
ning  in  a  large  range  following  the  cattle  until  the  disease 
,  when  they  were  penned.  They  died  so  rapidly  that  they 
mrned  out  again. 

igin  of  this  disease  is  very  obscure.  The  past  history  does 
any  clew  to  its  introduction.  During  the  great  swine  epi- 
ree  years  ago  this  farm  was  not  spared,  but  since  then  it  had 
B  until  January,  1888,  when  out  of  a  lot  of  forty  similar 
ven  died.  Some  of  this  lot  were  still  on  the  farm  atthebe- 
)f  the  present  outbreak.  That  the  January  outbreak  was 
L  infectious  disease  seems  hardly  probable  considering  the 
uber  that  died.  At  time  of  the  last  outbreak  the  disease 
exist  in  the  neighborhood.  No  swine  had  been  brought 
farm  for  five  years.  There  was  no  evidence  of  infection 
3ams,  since  the  farm  is  situated  on  a  water-shed.  The  feed 
se  grown  on  the  farm. 

lation  of  this  outbreak  was  received  more  than  a  week  after 
hoat  had  died.  Dr.  Kilborne  visited  the  farm  Jahuary  9, 
time  these  facts  were  made  known  to  him.  Two  of  the  con- 
,s  were  killed  and  the  lungs  brought  to  the  laboratoi*y,  ttey 
5  only  visibly  diseased  organs. 

ry  the  following  general  facts  concerning  symptoms  were  obtained  :  No 
skin  on  trunk  or  ea  s.  Rapid  emaciation  with  tucked-up  appearance  of 
frequent  prolonged  coughing  almost  to  suffocation.  Of  the  two  killed, 
en  sick  for  six  weeks,  but  was  now  jmrtly  recovered  and  in  good  flesh. 
i  no  lesions  of  the  abdominal  organs.  The  thoracic  organs,  however, 
ces  of  a  severe  inflammation.  The  pericardium  was  extensively  adherent 
t  muscle  by  short  fibers  and  the  lafter  covered  by  a  thin  layer  of  newly 
rous  tissue.  Both  limgs  were  more  or  less  adherent  to  ribs  and  diaphragm 
fibrous  bands.  The  most  conspicuous  thing  was  the  enormous  enlarge- 
e  glands  at  the  root  of  the  limgs  (tracheal,  bronchial).  They  appeared 
h  of  large  grapes  of  a  bluish-red  color.  On  section  the  cortex  appears  as 
and  similar  lines  pass  through  the  parenchyma,  which  has  a  psXe  larda- 
arance.  The  lungs  are  about  twice  the  collapsed  size,  very  flabby,  the 
es  bound  together  by  short  firm  fibers. 

)ortion  of  the  principal  lolje  is  airless,  of  a  pale  red-color  on  section,  and 
4.  The  bronchi  have  their  walls  thickened  (peribronchitis).  The  re- 
the  lung  tissue  is  in  practically  the  same  condition.  The  lai^eair  tubes 
ucosa  covered  with  a  layer  of  glairy  mucus,  the  small  vessels  mjected. 
vo  rabbits  which  received  i  cubic  centimeter  of  a  hypodermic  injection 
iilsion  (lied  in  four  days,  with  extensive  pasty  thickening  of  the  subcutis 
8CH)loratit)n  of  subjacent  muscles,  gelatinous  exudate  over  the  groin  and 
of  abdomen.  In  the  latter  cavity  the  csBCiun  and  contiguous  portion  of 
)ver('d  with  minute  subserous  hemorrhages.  The  ejnidate  is  sUght,  cover- 
the  inflamed  intestines  and  the  liver,  viscid  so  as  to  be  drawn  out  into  thin 
en  coils  of  intestine  are  Ufted  up.  Very  many  coccus-Uke  germs  in  this 
3ry  few  in  blood  and  spleen.  In  an  agar  culture  from  the  blood  fertile. 
jcts  the  germ  is  identical  with  that  of  swine  plague, 
inoculated  from  the  agar  culture  of  the  first  rabbit  indirectly,  by  inject- 
meously  ^  cubic  centimeter  of  a  bouQlon-peptone  cultiire  naade  from  it 
r  days  with  substantially  the  same  lesions,  excepting  that  Hie  thigh  mus* 
lore  extensively  discolored. 
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The  second  rabbit  inoculated  from  the  lung  tissue  of  the  pig  died  in  eight  days. 
|The  lesions  of  this  animal  were  of  the  same  character  but  less  severe.  The  hemor- 
rhages on  the  intestines  were  absent,  though  the  exudate  was  abundant.  From  the 
blood  two  agar  tubes  were  inoculated;  both  developed  an  abundant  growth  of  the 
same  bacteria  (swine  plague)  obtained  from  the  first  rabbit. 

The  condition  of  tne  second  pig  when  killed  was  like  that  of  the  first.  The  ab- 
dominal organs  were  normal.  The  lungs  were  free  from  adl\esions.  Throughout 
all  the  lob^  of  both,  but  especially  along  the  free  short  margins  of  principalTobes, 
are  masses  about  the  size  of  a  marble,  or  in  a  thin  layer  under  the  pleura,  of  a 
waxy,  semi-translucent  aspect,  on  section  solid.  The  remainder  of  the  lung  tissue 
oddematous. 

Two  rabbits  were  inoculated  from  lung  tissue.  Of  these,  one  died  on  the  fourth 
day.  There  were  no  lesions  to  account  for  deatli;  no  germs  in  the  various  cultures 
from  its  organs.    The  second  rabbit  remained  well. 

From  the  spleen  of  each  pig  three  agar  tubes  were  infected  with  bits  of  spleen  tis- 
sue. The  three  cultures  made  from  the  second  pig  remained  sterile.  Two  from  the 
first  also  remained  sterile.  In  the  third  tube  a  germ  like  swine  plague  appeared 
which  failed  to  develop  when  transferred  to  fresh  tubes. 

It  is  highly  jjrobable  that  the  outbreak  was  swine  plague,  although, 
the  presence  of  swine  plague  germs  in  one  case  can  not  be  regarded 
as  conclusive  evidence.  It  is  remarkable  that  these  germs  should 
still  be  present  in  an  animal  almost  recovered  from  the  disease. 

Maryland.' — The  cases  reported  below  were  very  likely  aflfected 
with  hog  cholera,  although  the  bacteriological  examination,  as  far 
as  it  went,  gave  negative  results.  It  seems  reasonable  to  suppose 
that  when  swine  roam  over  a  considerable  extent  of  territory  in 
search  of  food  the  virus  is  more  widely  distributed  but  less  concen- 
trated. Less  virus  is  therefore  taken  up  by  individual  animals, 
and  although  the  disease  is  equally  fatal  in  the  end,  the  course  may 
be  somewhat  different  and  tne  lesions  less  extensive.  At  the  same 
time  the  bacteria  may  elude  observation.  They  may  remain  more 
or  less  localized,  owing  to  the  reactive  power  of  the  organism,  which 
destroys  those  that  have  entered  the  internal  organs.  To  those  who 
would  give  up  the  search  for  hog  cholera  bacilli  after  a  few  unsuc- 
cessful attempts  to  find  them  we  would  recommend  the  perusal  of 
the  following  three  cases: 

Swine  diseases  prevailed  more  or  less  in  Montgomery  County,  Md.,  during  the 
latter  weeks  of  September  and  the  early  part  of  October,  1888. 

October  17. — Mr.  H lost  about  twenty-two  out  of  a  herd  of  fifty-five  to  sixty 

swine  during  the  past  four  weeks.  Of  those  now  scattered  in  a  large  field  two  ap- 
pBar  ill ;  one,  a  small  black  shoat,  is  killed  by  cutting  its  throat,  and  examined. 
The  supei^cial  inguinal  glands  are  very  much  enlarged,  the  surface  mottled,  dark 
red ;  the  spleen  large,  but  pale  and  rather  firm.  The  liver  shows  signs  of  invasion 
of  the  Sderostoma  pinguicola.  The  lymphatic  glands  at  lesser  curvature  of  stom- 
ach are  very  large ;  cortex  completely  hemorrhagic. 

The  left  lung  normal ;  the  principal  lobe  of  the  ri^ht  lung  has  in  it  a  mass  of  tis- 
sue involved  in  broncho-pneumonia,  extending  obliquely  from  the  free  border  to 
near  the  dorsal  region,  about  1  inch  thick.  The  lymphatics  along  the  dorsal  aorta 
are  likewise  hemorrhagic ;  the  stomach  filled  with  food  ;  small  intestines  contain  a 
number  of  attached  echinorhynchi ;  the  large  intestines  distended  with  semi-solid 
fecal  matter.  The  mucosa,  in  general,  is  normal,  but  in  the  caecum  are  two  ulcers 
about  tliree-eighths  of  an  inch  across,  round,  slightly  elevated,  with  center  black 
and  periphery  yellow.  Beneath  the  superficial  slough  is  a  whitish,  firm,  new 
growth,  extending  to  the  muscular  coat  in  the  center  of  the  ulcer. 

The  spleen  and  the  right  lung  were  taken  to  the  laboratory.  From  the  former 
cultures  were  made  on  agar,  in  gelatine  and  beef  infusion,  *by  adding  bits  of  spleen 
tissue  as  large  as  peas.  In  no  tube  did  any  development  take  place.  A  rabbit  in- 
oculated by  tearing  up  a  pair  of  hepatized"  lung  tissues  in  sterile  beef  infusion  and 
injecting  the  turbid  liauid  subcutaneously  remained  well. 

Severu  miles  from  tne  first  farm  we  came  upon  a  herd  of  young  pigs  which  were 
just  showing  signs  of  disease,  although  none  had  been  lost.  One  of  them,  with  un- 
steady gait,  which  hid  in  the  litter  under  a  shed  and  returned  to  it  when  driveii 
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away,  was  killed  by  bleeding  from  the  vessels  of  the  neck.  The  lungs  were  without 
a  s!^  of  disease.  Spleen  enormously  enlarged  and  gorged  with  blood.  The  lym- 
phatic glands  of  grom  and  about  stomach  very  large,  but  rather  pale,  and  oedema- 
tous  on  section.  Stomach  filled  with  food.  Large  intestines  overdistended  with 
very  dry,  hard  feces,  somewhat  softer  near  caecum ;  in  the  latter  only  one  ulcer, 
and  this  on  the  valve  about  one-fourth  of  an  inch  across,  and  of  the  same  nature  as 
(lie  one  found  in  the  preceding  case. 

A  portion  of  the  spleen  of  this  animal  was  taken  to  the  laboratory  and  cultures 
made  as  in  the  previous  case,  with  bits  of  dpleeii.  All  cultures  remained  perma- 
nently sterile. 

Several  miles  from  the  latter  place  we  found  the  disease  on  a  farm  situated  on  a 
hill.  The  swine  were  allowed  to  go  a  considerable  distance  down  the  slope  to  a 
marshy  stream.  The  owner  had  lost  6  or  8  out  of  a  herd  of  20  to  25  within  six  weeks. 
A  few  were  evidently  ill,  but  none  were  kOled,  as  a  dead  one  was  found.  It  had 
probably  died  during  the  night.  The  buzzards  had  consumed  nearly  all  the  intes- 
tines through  a  small  hole  near  the  pubis.  Putrefaction  had  already  set  in.  Spleen 
enlarged,  shghtly  congested.  In  the  small  portion  of  the  large  intestine,  which  still 
remamed,  an  ulcer  was  found  three-eighths  inch  across.  The  glands  or  lesser  omen- 
tum with  hemorrhagic  cortex.  The  stomach  contains  a  smiJl  quantitv  pf  bUe- 
stained  fluid.  Both  lungs  glued  to  chest  wall  by  coagulated  fibrin  from  blood  ex- 
travasation. Left  lung  contained  about  ten  to  fifteen  hemorrhagic  foci,  visible 
under  pleiu*a,  one-fourth  to  one-half  inch  across.  The  principal  lobe  of  rij^ht  lung 
solid,  granular,  evidently  broncho-pneumonia.  The  hepatizea  lobe  was  discolored 
by  recent  and  extensive  blood  extravasation.  A  gelatinous  dei)Osit  Under  sternum 
resting  on  pericardium.  The  semi-decomposed  condition  of  the  animal  prevented  a 
more  care^l  examination.  Portions  of  tne  spleen  and  hepatized  lung  tissue  were 
taken  for  examination. 

While  the  spleen  of  the  two  preceding  cases  showed  no  indications  of  bacterial 
life  on  cover-glass  preparations,  the  spleen  of  this  case  contained  a  considerable 
number  of  bacteria  resembling  hog  cholera  bacilli  very  closely.  On  gelatine  they 
grew  differently  from  the  latter,  and  the  cultures  emitted  a  slightly  onensive  odor. 
In  liquids  they  were  actively  motile.  They  were  putrefactive  bacteria,  without 
effect  upon  two  rabbits  inociilated  with  large  (}uantities  of  the  cultures.  A  rabbit 
inoculated  with  the  diseased  lung  tissue  remamed  well.  The  latter,  on  closer  ex- 
amination, had  a  texture  as  granular  as  the  roe  of  fishes,  the  granules  being  inspis- 
sated cell  masses  in  the  alveoli  and  air-tubes.  At  least  four  different  kinds  of 
bacteria  were  present  in  large  numbers. 

The  absence  of  specific  disease  germs  from  the  spleens  of  these  pigs 
is  in  harmony  witn  the  results  obtained  in  other  infections  maladies 
when  animals  are  killed  in  the  early  stages  or  during  the  height  of 
the  disease.  It  is  only  in  the  last  stages  that  the  bacteria  are  able 
to  multiply  and  appear  in  sufficient  numbers  in  the  internal  organs 
to  be  detected.  In  the  third  case,  death  was  very  likely  brought  on 
by  the  pulmonary  hemorrhage  not  infrequently  found  in  hog  cholera. 
The  specific  bacilli  produced  at  first  the  ulcers,  and  were  either  work- 
ing their  wav  slowly  into  the  internal  organs  or  else  were  being  de- 
stroyed in  the  ulcer  itself.  The  latter  termination  would  signify 
recovery,  the  former  death.  These  ulcers  might  be  aptly  com- 
pared to  the  malignant  pustule  in  man,  in  which  the  virus  re- 
mains at  first  localized  but  may  spread  throughout  the  system 
after  a  time.  The  presence  of  numerous  ulcers  m  swine  is  to  be 
regarded  as  a  multiple  infection,  while  in  the  three  cases  just  cited 
the  infection  was  limited  to  a  few  foci  or  but  one.  The  ulcers  would 
no  doubt  have  revealed  the  virus,  but  our  previous  experience  with 
the  spleens  of  diseased  swine  made  it  seem  unnecessary  to  study  the 
ulcer  itself.     As  regards  the  lung  disease  of  the  third  case  notning 

?ositive  can  bo  said.     It  resembled  most  closely  chronic  swine  plague, 
'he  germ  of  this  disease  was  not  present,  however,  as  shown  by  the 
rabbit  inoculation. 
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THE  ETIOLOGY  AND  DIAGNOSIS  OF  GLANDERS. 

Glanders  is  a  contagious  disease  of  importance,  both  from  an  eco- 
nomical and  sanitary  stand-point.  It  is  not  only  communicated  from 
one  horse  to  another,  but  it  is  occasionally  transmitted  to  man,  pro* 
ducing  a  severe  and  generally  fatal  disease. 

The  consensus  of  opinion  and  of  legislation  to-day  demands  the 
slaughter  of  animals  affected  with  glanders.  Recovery  of  horses 
affected  with  this  disease  is  perhaps  never  complete.  In  the  great 
majoritv  of  cases  it  runs  d,  course  oi  variable  length,  the  final  result 
of  which  is  death  preceded  by  emaciation  and  general  debility.  Nor 
is  there  any  remedy  or  cure  tor  the  disease.  Granted  even  the  pos- 
sibility  of  recovery,  the  affected  animal  is  in  the  meantime  a  source 
of  continual  danger  to  other  horses  and  to  human  beings.  It  is 
therefore  in  the  end  economy  to  immediately  destroy  glandered  horses 
when  detected,  6ven  were  human  life  not  endangered  by  their  pres- 
ence. 

But  the  diagnosis  of  glanders  is  not  always  an  easy  matter.  It 
may  be  confounded  with  a  number  of  other  diseases,  and  when  a 
very  valuable  aninfal  is  involved  an  accurate  diagnosis  is  of  great 
importance.  Since  the  discovery  of  the  bacillus  of  glanders  in  1882 
considerable  attention  has  been  paid  to  the  matter  of  diagnosis,  and 
we  are  in  a  position  to-day  to  present  a  few  valuable  facts  in  this 
connection.  In  the  following  pages  some  space  will  be  devoted  to 
the  consideration  of  the  causation  or  etiology  of  the  disease^  with 
special  reference  to  the  specific  bacillus  and  its  biology,  a  bnef  ac- 
count of  experiments  made  both  in  our  own  laboratory  and  else- 
where to  facilitate  diagnosis. 

ETIOLOGY. 

The  communicable  nature  of  the  diseasa  among  horses  known  as 
glanders  and  farcy  is  now  thoroughly  established  by  experiments, 
which  have  revealed  its  cause  as  a  micro-organism  belonging  to  the 
group  of  bacilli.  These  experiments  date  from  the  year  188;^.  The 
contagious  character  was,  however,  recognized  long  before  this  time 
and  various  experimenters  had  succeeded  in  jn'oducing  the  disease 
in  horses  and  other  animals  by  inoculating  with  the  nasal  discharges 
and  other  pathological  products  of  the  disease.  In  Germany  the 
real  character  of  glanders  was  recognized  as  far  back  as  the  first 
quarter  of  the  present  century.  In  France,  however,  there  was  a 
strong  opposition  to  those  who  held  glanders  to  be  a  communicable 
disease,  wnich  opposition  was  not  overcome  until  about  thirty  years 
ago. 

Various  efforts  had  been  made  in  the  last  forty  years  to  discover  the 
actual  cause  of  the  disease,  either  in  the  blood  of  the  affected  animal 
or  In  the  specific  lesions  of  the  air  passages  and  the  skin.  The  alleged 
discoveries  in  most  cases  were  far  from  the  truth,  and  at  times  sen- 
sational and  absurd.  Thus  Hallier,  in  1868,  claimed  to  have  found 
thi0  same  organism  iji  glanders  which  he  regarded  as  the^causfe  of 
syphilis  in  man.  The  doctrine  that  syphilis  originated  in  glanders 
had  been  promulgated  before  this,  and  was  now  seemingly  confirmed 
by  Hallier's  fantastic  inferences.  In  1882  Roszahegyi  described  or- 
ganisms which  he  found  in  the  pustules  of  a  man  who  had  succumbed 
to  acute  glanders.     His  description  warrants  the  belief  that  he  was 
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the  first  to  see  the  bacilli  of  glanders.  He  did  not  go  far  enough,  . 
however,  and  failed  to  sliow  any  causal  relation  between  these  organ- 
isms and  the  diseaBC.  In  1S8:^,  Loffler  and  Schiitz  published  the 
first  positive  results  obtained  in  isolating  the  bacillus  of  glanders, 
which  have  been  confirmed  by  a  number  of  observers  subsec[uently. 
Meanwhile  work  had  been  gom^  on  in  France  in  the  same  direction. 
Bouchard,  Capitan,  and  Cliarrin  published  in  1883  the  results  of 
cultivation  and  inoculation  experiments  dating  back  to  1881,  which 
they  claimed  as  decisive  in  demonstrating  the  microbe  of  the  disease. 
A  careful  perusal  of  Bouley's  note  to  the  Ac^iemy  of  Medicine  in 
1883  {Bull,  Acad,  Medecine,  1883,  p.  1239)  will,  however,  convince 
any  unbiased  reader  that  the  methods  which  they  employed  (in  one 
case  they  made  cultures  from  a  nasal  ulcer  in  bouillon,  in  another 
from  a  spleen  tubercle  in  bouillon)  are  either  unsafe  or  insufficient 
in  bringing  abcjut  any  positive  results  as  to  the  true  nature  of  the 
specific  microbe.  We  must  therefore  accord  to  Loffler  and  Sohtitz 
the  credit  of  being  the  first  to  have  demonstrated  in  a  satisfactory 
manner  the  jiresence  of  a  certain  microbe  in  glandered  horses  and  its 
capacity  of  prcjducing  the  disease  in  healthy  norses.  A  brief  r^sum^ 
Qf  their  woi'k*  will  serve  at  the  same  time  as  a  description  of  the  ba- 
cillus as  they  found  it  in  the  lesions  and  in  cultures,  and  as  an  intro- 
duction to  the  work  done  on  the  same  subject  in  the  laboratory  of  the 
Bureau. 

The  authors  found  considerable  difficulty  in  demonstrating  the 
presence  of  glanders  bacilli  in  sections  of  nodules  in  the  spleen  and 
fiver  of  glandered  horses,  owing  to  the  fact  that  most  of  the  staining 
agents  failed  to  color  them.  Finally,  the  following  solution  was 
made.  wh;ch  now  goes  under  the  name  of  LOffler's  stain:  30  cubic 
centimenters  of  a  concentrated  alcoholic  solution  of  methylene  blue 
was  added  to  100  cubic  centimeters  of  .01  per  cent,  potassium  hydrate. 
When  sections  were  placed  in  this  deep-blue  liquid  for  aoout  6 
minutes,  transferred  to  a  1  per  cent,  solution  of  acetic  acid  for  a  few 
seconds,  then  dehydrated  in  alcohol  and  cleared  in  cedar  oil,  very 
delicate  bacilli  could  be  detected  now  and  then,  especially  near  the 
periphery  of  young  nodules.  As  a  rule  they  were  very  rare  ,but  no 
other  organisms  were  found. 

L5ffler  recommends  for  the  study  of  bacilli  of  glanders,  both  on 
oover-glass  ])reparations  and  in  sections,  very  recent  nodules  from 
the  lungs  of  inoculated  guinea  pigs,  as  they  are  quite  numerous  in 
this  situation.  For  cover-glass  preparations  he  found  the  following 
solution  to  give  the  best  results:  Aniline  water  gentian  violet,f  or 
fuchsin  is  mixed  with  an  equal  volume  of  .01  per  cent,  caustic  potosh, 
or  i  per  cent,  liquor  ammonia,  directly  before  using.  The  cover-glass 
preparation  t  is  stained  by  floating  the  cover-glass  with  the<film  down 

^H    «■>.!■  ■    HI         I  WM..^^         ■        ■  ■  >     .  <    . ■'"""'  ~  ■  ■-*  -■■■■■  ■-■■■—    —■■1     ■  -     ,  .         ,  —»i^—«l..  ,      ,    ,^p     ^     -— ^i— * 

*The  full  publication  of  their  exneriinents  will  be  found  in  Arheiten  a,  d.  Kaiser- 
lichen  Oesundheitsainte.  Berlin,  1S86,  I,  p.  131,  and  their  preliminary  report  trans- 
lated in  volume  95  of  the  New  Sydenliam  Society,  1886. 

f  This  stain,  us(Mi  in  the  Btudy  of  tubercle  bacilli,  is  made  by  shaking  up  5  cubic 
centimeters  of  aniline  oil  in  100  cubic  centimeters  of  water  and  filtering.  To  the 
'filtrate  is  added  11  cubic  centimeters  of  a  concentrated  alcoholic  solunon  of  the 
aniline  dye  to  Ije  used,  in  this  case  either  gentian  violet  or  methyl  violet  or 
fuchsin. 

I  Prepared  by  crushing  the  nodule  between  the  ends  of  forceps  and  rubbing  it  in 
a  very  thin  layer^n  the  cover-glass.  When  thoroughly  dry  it  is  seized  wlUi  the 
forceps,  drawn  three  times  throu)2:h  tlie  flame  of  a  Ei|jisen  burner,  the  film  side 
being  held  up  or  away  from  the  flame.  Pus  from  abscesses  is  rubbed  in  a  very  thin 
film  on  cover-glasses  and  treated  in  the  same  way. 
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on  the  staining  fluid  for  about  five  minutes.  It  is  then  dipped  for  a 
second  into  1  per  cent,  acetic  acid  to  which  a  watery  solution  of  tro- 
paeolin  .00  *  has  been  added  until  a  wine-yellow  color  is  obtained,  and 
then  washed  in  distilled  water,  after  which  operation  it  may  be 
examined  or  mounted  in  balsam  for  preservation. 

From  the  nodules  and  tubercles  in  the  liver,  spleen,  and  lungs  the 
contained  pus  was  used  to  inoculate  tubes  containing  various  culture 
media,  both  liouid  and  solid.  A  special  value  was  put  upon  those 
lesions  which  do  not  in  any  -^ay  come  in  contact  with  the  external 
air,  such  as  those  in  the  spleen  and  liver.  Within  three  days  the  sur- 
face of  those  tubes  containing  blood  serum  appeared  as  if  sprinkled 
with  minute  yellowish,  translucent  droplets.  These  droplets  were 
made  up  of  very  delicate  rods  or  bacilli,  varying  in  lengtn  between 
one-third  and  two-thirds  of  a  red  corpuscle.  Their  width  was  from 
one-fifth  to  one-eighth  of  their  length.  They  were  either  straight 
or  slightly  bent,  with  rounded  extremities,  and  in  general  somewhat 
shorter  and  thicker  than  tubercle  bacilli.  In  liquids  they  manifested 
active  Brownian  movement,  but  true  spontaneous  movements  were 
never  observed.  They  were  without  doubt  identical  with  the  deli- 
cate rods  observed  in  sections  under  the  microscope. 

Of  the  biological  character  of  bacteria,  their  growth  or  multiplica- 
tion outside  of  the  body  on  various  substrata  is  very  important,  for 
by  this  means  of  so-called  cultivation  we  can  determine  how  far  they 
are  capable  of  growing  in  our  environment  and  thus  keep  up  the  infec- 
tion, between  what  temperature  limits  multiplication  may  take  place, 
also  whether  any  resistant  spore  state  is  entered  upon  during  their 
•life.  There  is  still  another  advantage  to  be  derived  from  cultiva- 
tion— one  which  mainly  concerns  lis  now — the  ability  on  our  part  to 
diagnose  between  one  organism  and  another  by  characters  of  growth 
discemable  with  the  unaided  eye.  The  bacilli  of  glanders  have  cer- 
tain features  in  cultures  which  are  of  great  use  in  distinguishing 
them  from  other  organisms. 

They  grow  very  well  on  blood  serum  from  horses  and  sheep,  less 
abundantly  on  that  from  cattle.  On  the  third  day  after  inocmation 
of  such  media,  minute  droplets  of  a  translucent  yellowish  color  ap- 
pear on  the  surface  of  the  serum.  These  droplets  or  "colonies*'  con- 
sist entirely  of  bacilli  which  have  descended  from  perhaps  a  single 
bacillus  originally  deposited  there.  The  material  composing  tne 
droplets  is  of  a  viscid  consistency,  and  may  be  drawn  out  on  the 

I)latinum  needle  into  thin  threads.     After  eight  or  ten  days  this  yel- 
ow  translucency  is  replaced  by  a  milky  opacity. 

A  very  good  soil  for  the  multiplication  of  these  bacilli  is  the  cut 
surface  of  boiled  potatoes.  Lomer  and  Schiitz  describe  the  very 
characteristic  appearance  substantially  as  follows:  Already  on  the 
second  day  the  surface  of  the  i)otato  is  covered  with  a  delicate  yel- 
lowish, translucent  layer,  which  becomes  amber  colored  later  on. 
After  six  or  eight  days  a  reddish  color  appears ;  the  transparency  is 
lost  and  the  color  suggests  the  red  of  cuprous  oxide.  The  potato 
surface  bordering  the  growth  assumes  a  pale  greenish  appearance. 
This  description  applies  very  closely  to  tne  potato  cultures  made 
in  the  laboratory  of  the  Bureau.  A  very  striking  appearance  is 
produced  when  bits  of  tissue  are  used  to  inoculate  the  potato,  since  the 
bacilli  not  being  very  numerous,  the  colonies  appear  isolated  instead 
of  being  fused  into  a  uniform  layer.     They  are  exceedingly  small  at 

■  I  ■      ■■         —       ■■■■   ■  ■      ■■III        ■■-  ■■_  ,  ,       ,  ^_ ,  I      .„—,■,_,»,■■         ■     ■  .,  .1  — ^»^1^W^I^— ■— ^.^.^i^i^^^^M^— i^i^i^M^ 

*  This  is  not  essentiaL 
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the  beginning  of  the  third  day,  scarcely  recognizable.  Towards  the 
end  of  the  third  day,  the  cultures  being  kept  at  37°0.,  the  colonies 
are  visible  as  minute  hemispherical  masses  of  a  delicate  translucent, 
pale-yellow  tint.  In  fact  the  cut  surface  of  the  potato  appears  as  if 
sprinkled  with  a  pale-yellow  serum.  Gradually  the  color  changes  as 
above  described  and  the  colonies  fuse  into  an  opaque  layer. 

The  probability  of  a  multiplication  outside  of  the  animal  organism 
of  glanders  bacilli  is  very  slight.  Experiments  have  shown  that  they 
do  not  develop  when  the  temperature  is  less  than  25°  C.  (77°F.),  and 
then  only  on  certain  substances,  such  as  boiled  potato,  blood  serum, 
agar-agar  with  peptone.  When  infusions  of  hay,  straw,  oats,  wheat, 
and  manure,  such  as  form  in  and  around  stables,  were  inoculated 
with  glanders  bacilli  no  multiplication  took  place  even  at  the  most 
favorable  temperature.  Owing  to  the  high  temperature  necessary 
for  this  multiplication  gelatine  can  not  be  employed  as  a  culture 
medium. 

It  has  already  been  stated  that  glanders  bacilli  have  no  movement  of 
their  own.  Tnis  I  can  confirm  from  numerous  observations.  Only 
the  slight  dancing  movement  observed  among  all  bacteria  suspended 
in  liquids  could  be  detected.  There  seems  to  be  a  difference  of  opinion, 
however,  on  this  important  point.  In  Eisenberg's  Bacteriotogische 
Diagnostik  they  are  characterized  as  actively  motile,  and  this  state- 
ment is  repeated  in  a  second  edition  recently  issued.  If  this  differ- 
ence of  opinion  depends  on  a  difference  in  interpretation  Of  the  same 
object,  it  is  high  time  that  bacteriologists  define  clearly  what  is 
meant  by  motility. 

My  own  observations  differ  from  those  of  Loffler  and  Schiitz  in 
regard  to  its  growth  in  liquids.  They  state  that  in  neutralized  bouil- 
lon prepared  from  muscular  tissue  of  man,  horse,  sheep,  rabbit,  beef, 
and  fowl,  with  or  without  1  per  cent,  peptone,  it  multiplies  very 
well.  At  the  end  of  the  second  or  third  day  the  liquid,  becomes 
clouded,  and  finally  a  viscid,  whitish  deposit  forms.  Our  obser- 
vations extend  only  to  cultures  in  slightly  alkaline  beef  infusion 
peptone.  These  have  never  shown  a  perceptible  clouding.  The 
liquid  remains  limpid,  and  one  might  say  after  a  short  inspection  of 
the  tubes  that  there  was  no  growth.  When  vigorously  snaken  up, 
however,  a  yellowish- white  deposit  is  seen  rising  from  tne  bottom  as 
a  twisted  column  when  the  culture  is  one  or  more  weeks  old.  This 
very  viscid  mass  consists  of  glanders  bacilli.  It  is  probable  that  by 
varying  the  reaction  of  the  liquid  slightly,  or  the  meat  employed,  a 
fluid  medium  may  be  obtained  in  which  the  bacilli  of  glanders  as 
found  in  our  country  may  grow  like  those  studied  in  Berlin,  At  all 
events,  so  far  as  my  experience  goes,  I  should  feel  very  suspicious  of 
a  bouillon  culture  of  glanders  which  became  clouded  in  two  or  three 
days  after  inoculation. 

Glanders  bacilli  change  their  form  more  or  less  in  cultures  as  the 
latter  grow  older.  This  is  without  doubt  a  degenerative  process, 
and  the  changed  bacilli  are  dead  or  nearly  so.  True  rod  forms  are 
seen  in  sections  of  tissues  and  in  very  young  cultures  only.  In  older 
cultures  they  no  longer  appear  as  true  rods,  but  the  change  of  iorr^ 
is  not  easily  made  out,  owing  to  the  minuteness  of  the  objects  under 
examination.  A  frequent  form  is  that  of  an  oval  and  even  a  coccus, 
in  which  the  stained  area  is  limited  to  one  side  or  frequently  \x>  the 
two  poles,  leaving  an  intervening  clear  space,* which  nas  been  de- 
scribed by  some  observers  as  a  spore.    It  has  no  refractive  power, 
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however,  and  can  only  be  considered  an  empty  space  in  the  interior 
of  the  bacillus.  Other  degenerative  or  involution  forms,  giving 
rise  to  the  appearance  of  a  cliain  of  cocci,  are  now  and  then  observeC 
It  must  not,  therefore,  be  inferred  that  cultures  of  glanders  bacilli  are 
necessarily  impure  when  very  few  slender  rod  forms  are  met  with, 

DIAGNOSIS  OF  GLANDERS. 

The  foregoing  brief  description  of  glanders  bacilli  and  of  their  cult- 
ures is  of  great  service  in  diagnosis.  Cultures  made  from  the  spleen 
or  liver  tuoercles  of  slaughtered  horses,  exhibiting  the  characters  al- 
ready described,  would  prove  beyond  a  doubt  that  the  animals  had 
been  affected  with  glanders.  But  veterinarians  in  most  cases  are  able 
to  make  a  diagnosis  on  post-mortem  examination  without  the  aid  of 
cultures.  The  question  to-day  is  whether  glanders  can  be  positively 
diagnosed  in  the  living  animal,  especially  when  the  gross  appearances 
of  glanders  are  obscure  and  the  animal  is  a  valuable  one. 

If  cultures  of  the  specific  bacilli  could  be  obtained  directly  from 
the  living  animal  the  problem  would  be  very  simple.  Those  accessi- 
ble organs  or  parts  of  the  horse  which  may  be  the  seat  of  disease  are 
the  nasal  passages,  the  submaxillary  glands,  and  the  skin  or  subcu- 
taneous tissue.  Frequently  only  one  of  these  parts  is  involved.  But 
it  is  impossible  to  make  cultures  from  the  nasal  ulcers  or  discharges 
because  they  contain,  besides  the  specific  bacilli,  many  other  bacteria. 
In  tubes  inoculated  from  such  material  a  single  day  would  suffice 
for  the  rapid  multiplication  of  the  other  bacteria  so  as  to  entirely 
crowd  out  or  bury  up  any  glanders  bacilK  that  may  have  been  pres- 
ent, as  the  former  grow  many  times  more  rapidly.  When  nodules 
are  present  under  the  skin  it  is  highly  improbable  that  the  bacilli 
can  be  obtained  therefrom  in  pure  cultures  during  the  life  of  the 
animal,  owing  to  the  danger  or  contaminating  the  cultures.  When 
the  nodules  have  once  broken  down  into  ulcers  numerous  other  bac- 
teria lodge  in  them,  and  cultures  are  then  out  of  the  question.  It 
has  been  suggested  recently  that  the  enlarged  submaxillary  glands 
be  removed  and  examined  tor  glanders  bacilli.  Thus  far  we  do  not 
know  in  what  numbers  they  are  present  in  these  enlarged  glands, 
and  it  would  require  considerable  preliminary  study  to  determine 
whether  cultures  are  successful  when  made  from  them.* 

The  direct  determination  of  glanders  by  means  of  microscopic  ex- 
amination and  cultivation  is  thus  far  not  feasible. 

The  question  might  be  asked.  Why  not  isolate  the  glanders  bacilli 
from  the  impure  discharge  from  the  nose,  or  from  ulcerated  farcy 
buds,  as  we  should  do  in  searching  for  the  comma  bacillus  in  the 
bowel  discharges  of  Asiatic  cholera?  This  might  unquestionably 
be  done,  but  it  would  be  a  very  tedious  method,  requiring  much 
minor  apparatus  and  still  more  patience,  and  in  the  end  the  result 
might  be  negative.  The  reasons  for  this  are  various.  Glanders 
bacilli  do  not  grow  in  gelatine  at  the  temperature  at  which  plate 
cultures  can  be  used.  Agar  plates  might  be  used,  but  germs  grow 
•tipon  agar  very  much  alike,  and  as  glanders  bacilli  are,  as  a  rule,  very 
scarce  in  discharges,  the  labor  of  examining  niicM'oscopically  a  large 
number  of  colonies  to  find  the  right  one  would  become  very  great. 
Finally,  they  grow  very  slowly,  and  would  be  in  danger  of  being 
-overrun  by  tne  colonies  of  putrefactive  germs  which  grow  very  rapidly 
in  the  thermostat. 

*See  the  end  of  this  chapter  with  reference  to  this  point. 
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Cade^  and  Roy  (Journal  de  MSdecine  VSUrinaire,  May,  1888)  made 
cultures  on  potato  directly  from  the  nasal  discharges  of  various  ani- 
mals, and  claimed  from  the  similarity  of  the  color  of  the  growth  from 
these  different  sources  to  cultures  of  glanders  bacilli  that  this  method 
of  diagnosis  is  of  no  value.  The  authors  have  entirely  mistaken  the 
method.  Neither  Lofiier  nor  any  other  subsequent  German  observers 
have  maintained  that  cultures  made  on  i)otato  from  the  nasal  dis- 
charges or  any  other  product  in  contact  with  the  air  have  any  value 
whatever.  The  fundamental  principles  of  bacteriology  are  directly 
opposed  to  the  indiscriminate  cultivation  of  a  number  of  germs  on 
the  same  substratum,  and  especially  the  potato.  Only  those  disease 
products  which  have  not  yet  been  exposed  to  the  air,  or  which  are 
buried  in  the  depths  of  vital  organs,  can  be  used  for  cultivation. 

The  method  wliich  is  now  in  use  more  or  less,  and  which  was  per- 
fected by  Lotfler  and  Schiitz,  consists  in  inoculating  small  animals, 
more  especially  guinea-pigs,  with  the  disease  products.  These  in  turn 
develop  the  disease,  the  nature  of  which  may  then  be  determined  by 
the  lesions  of  the  inoculated  animals,  both  internal  and  external,  or 
more  positively  demonstrated  by  cultures  from  the  various  organs. 
In  this  method  the  animal  body  becomes,  so  to  speak,  the  culture 
flask,  and  a  very  perfect  one,  too,  for  it  not  only  permits  the  disease 
germs  to  multiply  in  the  various  organs,  but  it  also  speedily  destroys 
all  other  germs  inoculated  at  the  same  time,  leaving  the  glanders 
bacilli  in  entire  possession  of  the  field. 

The  inoculation  of  species  of  animals  other  than  the  horse  and  ass, 
which  are  naturally  susceptible  to  this  disease,  has  been  tried  by 
many  investigators.  These  experiments  need  not  be  recounted  here, 
as  they  are  not  pertinent  to  the  subject  under  discussion.  They  have 
shown  that  cattle  are  insusceptible;  that  goats  and  sheep  may 
take  the  disease  after  inoculation,  the  former  even  spontaneously. 
Lions  and  tigers  in  menageries  have  contracted  glanders  by  feeding 
upon  the  raw  flesh  of  glandered  horses.  Cats  contract  the  disease 
in  the  same  way  and  are  susceptible  to  inoculation.  Dogs  are  less 
susceptible  than  cats,  both  when  fed  and  inoculated.  Coming  to  those 
smaller  animals  which  might  serve  a  useful  purpose  in  making  a 
diagnosis,  we  also  find  great  variety  in  the  relative  susceptibility. 
Among  those  which  have  been  tried  are  rabbits,,  guinea-pigs,  white 
mice,  white  rats,  field-mice  (Arvicola  arvcdis  and  Arvicola  terrestris), 
pigeons,  fowls,  and  several  other  rodents.  Of  these  the  white  mice, 
white  rats,  and  fowls  were  found  practically  insusceptible ;  the  rab- 
bits varied  in  this  respect ;  some  contracted  the  disease  after  inocula- 
tion, others  did  not.  Guinea-pigs  and  field-mice  proved  to  be  uni- 
formly susceptible  when  inoculated,  both  with  material  directly  from 
the  animal  and  with  bacilli  from  cultures. 

The  course  of  the  disease  and  the  lesions  produced  in  guinea-pigs 
are  well  descrilxnl  by  Loffler.  As  a  place  of  inoculation  he  chose 
one  side  of  the  abdominal  surface,  about  half  way  between  the  ax- 
illa and  the  groin.  The  hair  was  carefully  cut  away,  a  fold  of  skin 
raised  and  cut  tlirough  completely  with  scissors.  Into  this  incision, 
about  two-fifths  inch  long,  a  flamed  needle  was  introduced  and  moved 
to  and  fro  under  the  skin,  to  form  a  little  pocket  for  the  reception  of 
the  infectious  material. 

At  the  place  of  inoculation  an  ulcer  forms  during  the  first  week, 
with  suppurating  base  and  thickened  border.  Towards  the  end  of 
the  first  week  the  nearest  lymphatic  glands,  in  this  case  those  near 
the  groin,  begin  to  enlarge.    The  lymphatics  themselves  do  not. 
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hofar^frer^  nrell  into  cords,  as  is  tme  of  farcr  in  tiie  hone.  The 
ii;\zi»A%  gr^fw  to  the  size  of  hazel-nuts,  sometimes  larger,  and  their 
•'/niUitiiB  Boft^m  intoaporiformmasB.  Thecansnle  as  well  as  theskin 
or^fT  it  may  rupture  and  the  contents  disenarge  on  the  surface. 
When  this  takes  pla/re  earlr,  numerous  glanders  bacilli  are  found  in 
tlie  d]i^;harged  pm«.  In  some  animals  the  disease  may  stop  here  and 
the  ulcer  heaL  The  primary  ulcer  usually  heals  in  from  two  to  three 
weeks.  The  guinea-i>ig  after  four  to  six  weeks  may  have  entirelv 
recovered.  In  the  maiority  of  guinea-pigs,  however,  the  disease  enus 
fatally.  In  the  second  week  the  testicles  of  the  ms^e  contain  hard, 
nodular  places.  Inflammation  sets  in.  the  overlying  skin  becomes 
rerl  and  cedematous,  and  finally  breaks.  Puriform  masses,  contain- 
ing numerous  bacilli,  are  discharged.  In  females  the  labia  and 
mamm^  more  rarely  inflame  and  suppurate.  At  about  the  same 
tinu?  one  hind  or  fore  foot  may  begin  to  inflame,  swell,  and  give  rise 
Uy  great  pain  on  pressure.  -Sometimes  the  intiammation  may  leave 
one  foot  and  appear  in  another;  more  rarely  all  feet  mav  be  afiPected. 
They  may  also  become  ulcerated,  but  as  a  rule  the  death  of  the  ani- 
mal ensues  before  this  takes  place.  Besides  these  characteristic 
changes  in  the  feet  and  testicles,  there  may  be  nodules  in  and  under 
the  skin  in  different  regions  of  the  body  which  may  also  break  and 
form  ulr;er8.  In  the  face  these  nodules  start  frc»m  the  periosteum,  or 
even  the  bone  itself.  The  mucous  membrane-  of  the  nose  was  in- 
volved in  only  one-third  of  the  eighty-five  cases  studied  by  Loffler. 
The  disease  prrx^^^ss  was  first  noticed  at  about  the  same  time*  with  the 
swell ing8  of  the  feet,  and  manifested  itself  by  difficult  breathing  and 
sneezing.  The  secretion  is  scanty  and  dries  up  into  brownish  crusts 
around  the  external  nares.  Tliis  lesion  is  speedilv  followed  by  ema- 
ciation and  death,  which  usually  takes  place  in  tne  third  or  fourth 
week,  sometimes  as  early  as  the  second  and  as  late  as  the  eighth 
week. 

At  the  autopsy  the  place  of  inoculation  may  be  occupied  by  an 
ulcer  or  healed  and  cicatrized.  The  inguinal  or  axillary  glands  are 
swollen  and  contain  small  abscesses,  or  the  whole  gland  may  have 
been  convortofl  into  pus  inclosed  in  the  gland  capsule.  In  the  skin 
are  absc^osses  as  large  as  peas  or  hazel-nuts,  in  part  healing.  One  or 
more  feet  are  swollen.  The  swelling  may  be  due  to  a  periarticular 
abscess,  to  inflammation  of  the  joint  itselr,  or  of  the  ends  of  the  bones 
forming  it.  The  lungs  usually  contain  a  variable  number  of  small 
grayish -yellow  nodules,  situated  chiefly  under  the  pleura.  In  almost 
every  case  the  spleen  is  involved.  It  is  enlarged,  and  contains  a 
larg(3  numl)er  of  minute,  slightly  prelecting,  yellowish  nodules,  some 
attaining  the  size  of  a  pin's  head.  They  are  frequently  found  in  the 
liver,  though  in  smaller  numbers.  In  the  omentum,  tne  suspensory 
ligament  or  the  liver,  and  the  retro-peritoneal  tissue  small  abscesses 
may  be  found.  In  the  testicles,  and  more  especially  the  epididymis, 
the  earlier  stage  of  the  disease  is  indicated  by  the  presence  of  reddish- 
gray  nodules  as  large  as  pins'  heads.  Later  on  these  have  been  con- 
verted into  larger,  cheesy  masses,  in  some  cases  broken  through  the 
skin.  In  females  the  ovaries  are  rarely  involved,  more  commonly 
the  mamma).  The  mucous  membrane  of  the  nose  is  usually  reddened 
and  swollen.  Small  ulcers  may  be  present  on  the  septum  and  thfe 
turbinated  bones.  The  presence  of  glanders  bacilli  is  determined 
microscopically  without  any  difliculty  when  the  disease  process  is 
recent,  when  suppuration  has  set  in  it  becomes  m>&r^  and  m6ro 
difficult. 
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LoflB.er  also  experimented  with  field-mice  {Arvicola  arvalis),  which 
he  found  very  susceptible  to  inoculation  with  cultures.  In  most  cases 
death  ensued,  from  three  to  five  days  after  inoculation  into  the  sub- 
cutaneous tissue  near  the  root  of  the  tail.  The  spleen  and  liver  were 
c[uite  invariably  crowded  with  barely  visible  nodules.  Rarely  the 
joints  of  the  feet  became  diseased.  In  the  lungs  and  skin  lesions 
were  absent. 

Kitt,*  experimenting  upon  wood-mice  {Mus  sylvaticus),  found  them 
very  susceptible  to  inoculation.  When  either  cultures  of  glanders 
bacilli  or  bits  of  tissue  containing  them  were  placed  under  the  skin 
of  these  animals  they  lived  from  eight  clays  to  one  month  thereafter. 
The  spleen  was  very  much  enlarged,  dark  red  ;  on  its  surface  and 
on  section  were  numerous  grayish-yellow  nodules  barely  the  size  of 
a  pin's  head.  At  the  place  of  inoculation  there  is  usually  a  dry 
scab,  accompanied  occasionally  with  some  suppuration  or  oedema. 
From  the  experiments  noted  by  the  author  it  would  be  difficult  to  in- 
fer how  far  tnese  mice  are  of  value  in  making  diagnosis  from  nasal 
discharges — that  is,  how  far  they  are  capable  of  resisting  septic  in- 
fection. 

In  a  more  recent  communication  (Oesterr,  Monatsschrift  f.  Thier- 
heilkunde,  January,  1888),  the  same  author  experimented  with  a 
species  of  rat  {Arvicola  terrestris).  Of  fourteen  inoculated  with 
pus  from  a  glandered  guinea-pig  into  the  subcutaneous  tissue  of 
the  abdomen,  all  died  in  from  four  to  ten  days.  There  is  usually  an 
ulcer  formed  at  the  place  of  inoculation,  with  enlargement  and  sup- 
puration of  the  neighboring  lymphatic  glands,  enlargement  of  s]pleen, 
which  contains  numerous  yellowish-white  nodules.  Not  infre- 
quently grayish  nodules  are  present  in  the  lun^  tissue.  Besides 
these  rats,  Erinaceus  Europczus  was  also  tested  with  reference  to  its 
susceptibility  to  glanders.  Inoculation  was  uniformly  successful. 
The  spleen  and  lung  tissue  were  the  chief  seat  of  the  disease,  both 
being  infiltrated  with  tubercles  readily  visible  to  the  naked  eye.  But 
to  these  animals  the  same  objection  applies  in  so  far  as  tney  were 
tested  with  material  containing  glanders  bacUlionly,  which  does  not 
prove  their  utility  when  septic  material  must  be  inoculated.  Their 
resistance  to  septicaemia  can  only  be  determined  by  inoculating  the 
nasal  secretion  from  glandered  horses. 

In  Russia  the  bacteriological  station  at  Odessaf  reports  favorably 
the  use  of  a  rodent  (Spermophilus  guUatus)  whicn  takes  the  place  of 
our  prairie-dogs  in  that  country,  and  is  closely  related  to  it.  Of 
twenty-eight  inoculated  sixteen  died  on  the  fourth  day,  nine  on  the 
fifth,  two  on  the  seventh,  and  one  on  the  tenth  day. 

Of  these  animals,  nearly  all  of  them  rodents,  the  guinea-pig  is 
considered  the  most  satisfactory.  The  other  animals  are  more  or 
less  susceptible  to  septicaemia  caused  by  bacteria  present  in  secre- 
tions and  discharges  in  contact  with  the  air.  They  are  therefore 
liable  to  die  of  septicaemia  before  glanders  is  developed.  At  the 
same  time  this  does  not  exclude  the  use  of  these  rodents  when  guinea- 

gigs  are  not  to  be  had,  provided  a  sufficient  number,  say,  at  least 
ve  or  six,  are  inoculated  from  the  same  horse.  They  would  requij^ 
a  careful  bacteriological  examination  to  make  sure  of  the  nature  of 
the  disease.  In  guinea-pigs,  on  the  other,. hand,  the  external  signs 
of  disease,  such  as  the  swelling  and  suppuration  of  lymphatic  glands, 

*  Centralblatt  fur  BacteHologie,  1887,  ii,  p.  241. 

'  t  Kranzf eld>: '  Zur  Kenntniaa  d.  RotzbacUlua,   CentraXbl,  /.  Bacteriologie,  1887,  ii,  p. 
87o. 
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testicles,  and  feet,  the  formation  of  abscesses  and  ulcers  in  and  under 
the  skin,  and  the  not  infrequent  nasal  disease,  are  sufficient  of  them- 
selves to  decide  the  question  without  bacteriological  evidence.  Guinea- 
pigs  very  rarely  die  of  septicsBmia  or  putrid  changes  under  the  skin 
as  the  result  of  inoculation. 

The  animals  above  mentioned  are  not  indigenous  in  our  own  coun- 
try. Dr.  C.  Hart  Merriam  has  kindly  furnished  the  names  of  a  few 
American  representatives  or  closely  allied  forms.  Arvicola  riparius, 
the  meadow-mouse,  may  be  used  for  Arvicola  arvalis;  for  Arvicola 
terrestris,  A,  austerus;  for  Spermophilus  guttatus,  Sp,  Townaendi  or 
Sp.  Richardsoniy  which  is  common  in  northern  Dakota.  Of  Erin- 
aceus  EuropcRus  there  is  no  American  representative. 

Those  who  are  called  upon  to  make  diagnosis  of  glanders  should 
endeavor  to  always  have  a  supply  of  guinea  pigs  on  hand.  In  order 
to  make  the  diagnosis  of  value  Loffler  recommends  that  from  three 
to  five  should  be  inoculated,  and  not  simply  with  a  prick  of  the  lan- 
cet, but  larger  quantities  (a  large  drop)  of  the  mucus  from  the  nose 
should  be  placea  in  a  pocket  under  the  skin,  as  already  described. 
The  greater  number  survive  the  inoculation  and  show  positive  signs 
of  glanders  in  two  weeks.  Males  should  be  used  whenever  possible, 
owing  to  the  characteristic  lesions  of  the  testicles. 

The  following  experiments  were  made  during  the  year  1888  with 
the  purpose  of  determining  how  far  the  statements  in  the  preceding 
pa^es  could  be  relied  upon  in  making  a  diagnosis.  The  great  ma- 
jority  of  the  inoculations  were  made  upon  guinea  pigs  from  the  na- 
sal discharges  of  glandered  horses.  Many  of  the  latter  had  ulcers 
on  the  septum  of  the  nose  which  could  be  seen,  so  that  the  diagnosis 
of  glanders  was  made  without  resorting  to  inoculation. 

I.  January  21  two  adult  guinea  pigs  (Nos.  1, 2)  were  inoculated  with  a  lancet,  the 
material  bemg  taken  from  nodules  in  the  lungs  of  a  glandered  horse.    No  result. 

II.  April  13  two  guinea  pigs  (Nos.  3,  4)  were  inoculated  subcutaneously  on  the 
left  side  of  abdomen  with  nasal  discharge  from  a  horse  suspected  of  chronic  glanders. 
Quinea  pig  No.  8  was  foimd  dead  May  5.  It  had  for  ten  days  previous  nasal  dis- 
charge. At  the  autopsy  the  following  lesions  were  noted:  Left  fore  limb  and  right 
hind  limb  very  much  swollen.  In  the  right  inguinal  regions  an  ulcer  with  ragged  hov' 
der  one-half  inch  across.  The  left  inguinal  lymph  gland  enlarged  and  containing 
several  whitish  nodules  about  the  size  of  a  hemp-seed.  In  the  nasal  passages  con- 
siderable pturulent  matter.  Spleen  enlarged,  thickly  dotted  with  very  small  whitish 
masses. 

From  this  animal  no  cultures  were  made,  but  two  fresh  adult  male  guinea  pigs  were 
inoculated  each  from  the  spleen  and  inguinal  gland  by  taking  bits  as  large  as  hemij- 
seeds  and  placing  them  under  the  skin.  One  of  them  has,  on  May  20,  an  open,  dry 
sore,  one-lialf  incn  across,  adjacent  to  tiie  place  of  inoculation.  Tlie  in^inal  gland 
and  testicle  are  considerablv  enlarged.  Hie  skin  over  the  latter  is  becoming 
abraded.  Some  days  later  tne  right  fore  limb  was  very  badly  swollen.  It  was 
killed  June  4. 

There  were  several  small  ulcers  on  the  surface  of  the  body;  the  ri^ht  fore  foot 
swollen.  From  the  spleen  cultures  were  made  on  ogfar,  potato,  and  m  beef  infu- 
sion. All  remained  sterile.  The  other  guinea  pig  recovered.  Tlie  inguinal  gland 
had  been  slightly  enlarged  at  one  time. 

Guinea  pig  No.  4,  inoculated  with  nasal  mucus  April  13,  showed  only  slight  en- 
largement of  axillary  and  inguinal  lymphatics.  May  5,  four  days  later,  the  right 
fore  leg  was  badly  swollen,  and  an  ulcer  had  formed  on  the  top  of  the  nose.  It  was 
killed  with  chloroform  May  13,  twenty-nine  days  after  inoculation.    At  this  time 


from  spleen  and  the  enlarged  gland.  The  hair  was  carefully  clipped  away  and  the 
skin  blackened  with  a  red-hot  spatula  in  the  line  of  the  proposed  incision.  A  flamed 
knife  was  then  thrust  into  the  gland,  which  was  found  converted  into  a  soft,  whij^« 
cheesy  mass.  The  agar  cultures  from  spleen  remain  sterile.  Those  from  in^inal 
gland  contain  on  the  third  day  colonies  of  glanders  bacilli.    On  the  potato  mocu- 


BUREAU   OF   ANIMAL   ENDUSTBY.  215 

lated  from  the  glaiid  about  twenty  translucent,  serum-like  colonies  appear  from  1 
to  2  millimeters  in  diameter.  Examination  shows  them  to  be  made  up  of  glanders 
bacilli. 

Bacilli  from  this  culture,  suspended  in  sterile  beef  infusion,  were  injected  sub- 
cutaneously  into  a  guinea  pig  on  the  left  side  of  abdomen  May  15.  Five  days  later 
the  testicles  began  to  enlarge,  and  within  three  weeks  they  were  both  1^  inches  in 
diameter.  The  animal  was  killed  June  4.  The  spleen  was  slightly  enlarged,  but 
without  nodules.  At  the  place  of  inoculation  a  nuctuating  mass  under  the  skin, 
about  one-half  inch  in  diameter,  filled  with  a  soft,  cheesy,  yellowish-white  pus. 
On  both  testicles  were  ragged,  blackish  depressions,  as  if  the  sim  either  had  broken 
or  was  about  to  do  so.  The  contents  of  both  were  entirely  converted  in  yellowish- 
white,  cheesy  pus.  From  one  of  them  cultures  were  made,  as  indicated  above.  On 
the  third  day  typical  colonies  of  glanders  baciUi  had  appeared. 

III.  April  6,  two  guinea  pigs  were  inoculated  subcutaneously  with  scrapings  from 
the  base  of  ulcers  on  the  nasal  septum  of  a  horse  killed  for  glanders.  Up  to  May 
10  the  place  of  inoculation  had  healed  in  lx>th  cases.  In  one,  an  inguinal  gland  and 
the  testicles  were  enlarging.  May  26,  this  one  was  killed,  as  it  was  growing  gradu- 
^y  worse.  At  the  autopsy  the  left  inguinal  gland  was  about  one-half  inch  in  di- 
ameter, the  contents  easily  expressed  as  a  thicK  creamy  puss.  The  inguinal  gland 
of  the  other  side  about  half  as  large.  The  left  testicle  lias  a  broad  scar  with  black- 
ened base,  evidently  a  rupture  throu  -li  winc-h  tlie  contents  had  been  discharged, 
which  accounts  for  the  shrunken  size  of  the  gland.  The  other  testicle  consists  of 
two  enormous  abscesses,  apparently  not  communicating  with  each  other  (testicle 
and  epididymis),  containing  liquid  pus.  Between  t\\e  nose  and  the  right  eye  an 
ulcer  with  a  blackish  dried-up  base  and  irre^oilar  margins.  Two  days  later  a  potato 
culture,  made  from  the  spleen,  contains  a  moderate  number  of  isolated  colonies 
characteristic  of  glanders.  An  agar  culture  did  not  grow.  From  one  testicle  two 
agar  cultures  contain  numerous  colonies.  From  the  enlarged  inguinal  gland  both 
an  agar  and  a  potato  culture  develojjed  numerous  colonies.  These  were  character- 
istic, both  macroscopically  and  microscopically,  of  glanders. 

From  the  potato  culture  of  the  inguinal  gland,  when  ten  days  old,  two  mice  were 
inoculated  by  injecting  subcutaneously  a  few  drops  of  a  suspension  of  baciUi  in 
sterile  bouillon.  Both  remained  well.  The  second  guinea  pig,  inoculated  from  the 
same  horse,  did  not  take  the  disease. 

IV.  April  27,  a  young  female  guinea  pig  and  a  rabbit  were  inoculated  with  pus 
from  farcy  buds  (glanders  of  the  skin).  The  rabbit  remained  well;  the  inoculation 
wound  was  healed  at  the  end  of  two  weeks.  In  the  guinea  pig  the  wound  had  also 
heale^J,  but  the  inguinal  gland  was  beginning  to  enlarge.  May  16  the  gland  was 
much  larger,  and  the  labium  on  the  same  side  was  beginning  to  swell  up.  May  2K), 
a  swelling  about  the  size  of  a  walnut  api>eared  under  the  skm  above  the  hip  of  op- 
posite side.  This  broke  later  on.  Found  dead  May  24.  Besides  the  lesions  aheaay 
mentioned  both  fore  feet  and  the  right  hind  foot  were  swollen.  The  contents  of 
the  enlarged  inguinal  gland  were  puriform.  In  the  labium  a  small  abscess.  Cult- 
ures were  made  on  various  media  from  the  spleen,  lymph  gland,  swollen  labium, 
and  blood.  Those  from  the  spleen  and  gland  were  pure  cultures  of  glanders  bacilli; 
those  from  labium  impure. 

From  the  spleen  ana  inguinal  gland  of  this  guinea  pig  two  young  male  guinea 

Jigs  were  inoculated  May  24,  each  receiving  a  minute  portion  from  both  sources, 
line  7  one  was  kille<^l.  both  fore  feet  i^ire  swollen  over  the  carpal  and  metacarpal 
joints;  the  right  has  a  depressed  place  concealed  by  a  scab.  The  left  liind  limb  is 
also  swollen  over  the  tibio-tarsal  .loint.  The  place  of  inoculation  is  covered  by  a 
scab.  The  inguinal  gland  and  testicles  are  not  swollen.  The  internal  organs  are 
not  visibly  altered.  Cultures  were  only  made  from  spleen  pulp  on  agar,  which 
remained  sterile. 
The  second  guinea  pig  recovered. 

V.  June  4,  from  the  nasal  discharge  of  a  horse  affected  with  glanders,  two  guinea 
pigs,  two  young  ral)hits,  and  a  young  dog  were  inoculated,  all  in  the  same  manner 
under  the  skin,  as  already  indicated.  One  of  the  guinea  pigs  died  July  9.  It  had 
a  large  ulcer  with  black  dried-uj)  l)ase  behind  the  left  nostril,  three  on  abdomen, 
and  one  on  the  right  flank  three-fourths  inch  in  diameter.  There  was  also  an  ulcer 
on  the  left  heel  and  riglit  fore  linjb.  The  light  heel  was  considerably  swollen.  Tlie 
left  testicle  was  also  quite  large.  The  spleen  was  free^from  nodules.  Cultures  cm 
agar  and  potato  Mere  made  from  the  spleen  only.  These  were  found  subsequently 
to  be  impure. 

The  second  gmnea  pig  had  large  swellings  in  the  groin,  and  was  unable  te  use  its 
hind  limbs  for  a  time.  V>ut  it  finally  recovered.  The  rabbits  and  dog  were  not  af- 
fected. At  the  auto|)sy  of  the  horse,  from  which  these  had  been  inoculated,  the 
left  nasal  passage  and  adjacent  sinuses  had  the  mucous  membrane  partly  thickened 
and  eroded.    There  were  also  nodules  in  the  lung  tissue. 
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VI.  July  27,  three  guinea  pigs  were  inoculated  subcutaneously  as  before  with 
nasal  discharge  from  a  horse  affected  with  glanders.  One  of  these,  a  small  male, 
died  August  11.  On  the  right  side  of  abdomen  an  ulcer  about  three-eighths  of  an  inch 
in  diameter,  with  a  cup-shaped,  dark,  dry  crust  covering  it.  When  removed,  a  soft, 
cheesy  mass,  involving  subjacent  muscles,  is  exposed  to  view;  serous  surface  not 
involved.  No  enlargement  of  gland.  Putrefaction  had  set  in  and  no  cultures  were 
tlierefore  made. 

At  this  time  a  peculiar  disease  was  carrying  off  healthy  guinea  pigs  cpiite  rapidly, 
which  was  traced  to  the  drv  food  given  them.  It  is  probable  that  this  guinea  pie 
also  died  of  this  disease,  although  evidently  infected  with  glanders.  The  second 
guinea  pig  died  during  my  absence  and  no  examination  was  made.  The  third, 
however,  developed  glanders  in  a  marked  degree  and  was  killed  August  23,  twenty- 
seven  days  after  inoculation.  On  the  right  side  of  abdomen,  near  median  line,  an 
indurated  mass  covered  by  a  black  crust.  The  abdominal  muscles  and  the  peri- 
toneal covering  are  intact,  but  between  them  and  the  crust  is  a  cheesy  mass.  Simi- 
lar ulcers  exist  on  right  flank  and  on  right  thigh  externally.  The  ri^ht  fore  limb 
and  both  hind  limbs  are  swollen,  especially  the  right  hind  limb.  This  is  three-quar- 
ters of  an  inch  thick,  bluish,  ulcerated  oetween  first  and  second  toe.  Internal 
organs  seem  unchanged,  although  the  spleen  contained  glanders  bacilli.  On  each 
of  three  potato  cultures  from  tms  organ  from  15  to  25  typical  colonies  appeared 
within  three  days. 

VII.  September  21,  two  guinea  pigs  were  inoculated  with  nasal  mucus  from  a 
horse  suspected  to  be  affected  witli  glanders.  One  died  October  12.  There  were 
two  ulcers  on  the  abdomen  about  one-half  inch  across,  the  floor  of  wliich  was 
formed  by  the  muscular  wall  of  the  abdomen.  The  inguinal  gland  of  the  same 
side  as  large  as  a  walnut  and  containing  a  cream-colored,  liquid  pus.  Spleen,  not 
enlarged,  contains  a  large  number  of  minute  whitish  dots. 

In  all  cultures  on  potato,  from  both  spleen  and  pus  of  inguinal  gland,  the  typical 
pale  vellowish  colonies  of  glanders  subsequently  appeared.  The  second  guinea  pig 
was  killed  with  chloroform  October  16.  At  tlie  place  of  inoculation  a  small  ulcer 
had  formed  and  the  nearest^inguinal  lymph  gland  was  equal  in  size  to  a  small  mar- 
ble. The  left  testicle  was  enlarged  and  eontaiiicd  a  pus  cavity.  The  spleen  smalL 
From  the  pus  of  the  testicle  an  agar  culture  was  prepared;  a  potato  culture  from 
the  spleen.    Only  the  former  developed  colonies  of  glanders  bacilli. 

VIiI.  September  22,  two  guinea  pigs,  inoculated  with  nasal  mucus  from  a  horse 

One  died  September  31,  very  much  emaciated. 


probably  affected  with  glanders. 

Over  lowest  ril»  on  the  left  side  a  cheesy  nodule,  about  one-half  inch  in  diameter, 
representing  the  place  of  inoculation.  The  inguinal  gland  of  sdme  side  as  large  as 
a  small  bean.  On  the  same  side  the  subcutaneous  tissue  is  infiltrated  with  a  trans- 
lucent exudate,  sufficient  to  make  the  surface  of  the  muscles  and  imder  surface  of 
the  skin  glistening  and  sUppery  (malignant  oedema?).  In  spleen  about  15  tubercles, 
grayish,  1  millimeter  (one-twenty-fifth  inch)  across;  on  the  various  lobes  of  the  liver 
similar  but  smaller  tubercles;  on  lungs  grayish  subpleural  nodules,  irregular  in  out- 
line, embedded  in  areas  of  a  dark  red  hepatization. 

Two  potato  cultures  were  made  from  spleen  tissue  and  within  three  days  twenty 
to  thirty  drop-like  colonies,  resembling  a  pale-yellow  serum,  so  characteristic  of 
glanders  bacilli,  made  their  appearance. 

The  second  guinea  pig  was  chloroformed  October  15.  In  the  left  groin  the  lymph 
gland  is  converted  into  an  abscess,  about  the  size  of  a  n  arble,  containing  a  soft, 
cheesy,  cream-colored  pus.  The  right  testicle,  enlarged,  contains  an  abscess;  a  few 
nodules  in  spleen.    A  potato  culture  from  the  latter  organ  failed  to  develop. 

IX.  November  29,  from  a  horse  killed  and  found  glanderod,  a  guinea  \}\g  was  in- 
oculated by  inserting  some  purulent  matter  from  the  ulcerated  septum  under  the 
skin.  It  died  December  13.  At  the  place  of  inoculation  just  behind  the  right  fore 
limb  an  ulcer  covered  with  a  thin  scab.  Underneath,  a  thin  grayish  layer  of  pus. 
Near  this  ulcer  is  a  nodule  equal  in  size  to  a  small  bean  containing  soft  curdy  pus. 
The  inguinal  gland  of  the  same  side  is  equally  lai-ge,  one-half  of  it  converted  mto 
pus.  Spleen  pale,  slightly  enlarged,  and  dotted  with  a  large  number  of  grayish 
points.  Testicles  in  abdomen  not  yet  affected,  but  the  fold  of  skin  surrounding 
anus  on  the  left  thickened  and  supei-ficially  ulcerated .  On  section  a  number  of 
yellowish  modules  in  the  thickened  fold.  One  retro-peritoneal  gland  as  large  as  a 
njarble  and  converted  into  pus.  Convex  surface  of  both  lungs  dotted  with  a  small 
number  of  bright-red  ix)ints. 

From  the  spleen  and  from  the  abscess  under  the  skin  three  potato  cultitres  and 
one  agar  culture  were  made.  All  developed  numerous  characteristic  colonies  of 
glanders  bacilli  on  the  third  day. 

An  inspection  of  the  autopsy  notes  will  show  that  nearly  all  inocu- 
lated guinea  pigs  showed  unmistakable  signs  of  the  disease,  and  that 
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only  a  few  recoyered.    Of  those  that  were  killed  the  lesions  were 
such  as  to  preclude  recovery.     In  most  cases  the  diagnosis  of  gland- 
ers could  be  made  without  having  recourse  to  cultivation.     In  order 
to  be  thus  successful  it  is  necessary  to  observe  strictly  the  method 
given  for  inoculation,  and  to  avoid  the  error  of  using  too  small  a 
quantity  of  the  nasal  discharge.     It  will  also  be  noted  that  the  lesions 
characteristic  of  glanders  in  guinea  pigs  did  not  all  appear  in  the 
same  animal.     In  some,  enlargement  and  suppuration  of  tne  inguinal 
glands  was  the  only  external  sign;  in  others  swelling  and  suppuration 
of  the  testicles  took  place.     Again,  abscesses  becoming  ulcers  later 
on  appeared  in  different  parts  of  the  body,  combined  with  swelling 
of  the  limbs.    When  the  external  lesions  were  prominent  internal 
lesions  were  generally  less  marked.     The  formation  of  nodules  in 
the  spleen  was  infrequent,  in  the  lunffs  rare,  and  in  the  liver  observed 
in  but  one  case.     In  general,  internal  changes  were  secondary  to  ex- 
ternal. 

Cultivation  of  glanders  bacilli  from  inoculated  guinea  pigs  is  al- 
ways desirable  though  not  absolutely  necessary  in  many  cases.  The 
foregoing  notes  show  that  pure  cultures  may  always  be  obtained  from 
still  unopened  abscesses  under  the  skin,  such  as  those  of  elands  and 
testicles,  by  following  the  method  already  mentioned,  i.  e. ,  thoroughly 
scorching  the  surface  of  the  skin  after  removing  the  hair  and  then 
making  the  incision  through  the  scorched  area;  This  makes  unnec- 
essary the  use  of  disinfectants.  Cultures  from  the  spleen  are  not  al- 
ways successful,  when  those  from  the  abscesses  are,  perhaps  because 
the  bacilli  are  not  always  present  in  the  internal  organs  in  numbers 
large  enough  to  inoculate  a  culture  tube.  Hence,  it  is  always  advis- 
able to  inoculate  from  any  abscess  that  can  be  reached  from  the  skin 
or  any  suppurating  gland  in  the  abdomen. 

Cultures  from  the  spleen  were  made  by  tearing  off  a  bit  of  spleen 
pulp  from  the  carefully  exposed  spleen  and  rubbing  it  gently  with 
the  platinum  wire  over  the  agar  or  potato  surface,  so  as  to  free  the 
bacilli  from  the  tissue  and  distribute  them  over  a  larger  surface.  In 
this  way  very  fine  cultures  of  isolated  colonies  on  potato  can  be  ob- 
tained, which  in  the  earliest  stages,  when  the  colonies  just  begin  to 
be  visible  to  the  naked  eye  after  a  sojourn  in  the  thermostat  at  37^  C, 
for  forty-eight  to  seventy-two  hours,  are  very  characteristic.  The 
'agar  cultures  I  have  found  less  characteristic  and  hence  less  valu- 
able for  purposes  of  diagnosis.  Cultures  from  the  pus  of  abscesses 
contain  a  much  larger  number  of  colonies,  and  these  are  apt  to  be  con- 
fluent unless  a  very  small  quantity  is  used.  It  is  best  to  make  sev- 
eral inoculations  with  different  quantities  of  pus. 

The  potatoes  used  were  prepared  according  to  the  method  suggested 
by  Bolton  (Medical  Nexus,  1887-i,  318).  They  are  pared  and  cut  in 
such  a  way  as  to  fit  into  large  test  tubes.  The  top  is  cut  so  as  to 
form  an  inclined  surface  upon  which  the  inoculated  material  is  to  be 
deposited.  A  small  amount  of  water  is  put  into  the  test  tube  to  keep 
the  lower  end  of  the  potato  constantly  wet.  The  tubes  are  then 
plugged  with  cotton  wool  and  kept  in  tne  steam  sterilizer  from  one 
and  one-half  to  two  hours.  If  then  the  lower  end  of  the  plug  is  dipped 
into  sterile  melted  paraffine  the  evaporation  and  consequent  drying  iSb 
of  thepotato  is  reduced  to  a  minimum.     In  such  tubes  glanders  baciln 

frow  very  well,  and  as  a  rule  their  growth  will  depend  on  the  con- 
ition  of  the  potato  surface  as  regards  moisture.  There  will  be  no 
growth,  or^  best  a  very  feeble  growth,  if  the  surface  of  the  potato  is 
partly  dry  and  hard. 
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Of  the  few  house  mice,  rabbits,  and  the  dog  inoculated  none  took 
the  disease,  thus  confirming  the  results  of  Loffler  and*  others  that  these 
animals  are  not  proper  subjects  for  inoculation. 

It  is,  in  general,  best  to  chloroform  guinea  pigs  when  the  lesions 
have  become  pronounced,  especially  when  the  cultures  are  desired. 
If  allowed  to  die  the  term  of  the  disease  is  unnecessarily  prolonged; 
they  are  very  apt  to  die  at  night,  and  in  midsummer  decomposition 
immediately  sets  in.  Moreover,  death  may  take  place  through  sec- 
ondary infection  of  the  body  with  septic  bacteria,  which  enter  through 
the  ulcers.  In  such  cases  pure  cultures  can  no  longer  be  expected. 
It  is  often  necessary  to  make  a  diagnosis  as  speedily  as  possible,  to 
release  or  destroy  the  suspected  horses  as  the  case  may  be.  Hence, 
as  soon  as  the  external  lesions,  such  as  suppuration  of  the  glands  or 
testicles,  has  fairly  begun,  the  animal  may  oe  killed  and  cultivations 
made  from  the  pus  in  these  organs.  This  may  be  all  the  more  de- 
sirable if  several  guinea  pigs  have  been  inoculated  at  the  same  time, 
one  or  more  of  which  should  be  kept  for  future  examination  if  the 
first  should  fail  to  yield  any  positive  result. 

Diagnosis  of  glanders  by  extirpating  the  ^ubma^iUary  lymphatic 
glands  a/nd  making  cultures  therefrom. — It  has  been  suggested  that 
the  diagnosis  of  glanders  in  the  horse  may  be  made  directly  by  re- 
moving during  life  the  swollen  submaxillary  glands  situated  on  the 
under  surface  of  the  lower  jaw  and  making  cultures  from  them.  Such 
operations  can  of  course  be  undertaken  only  by  veterinarians.  Occa- 
sionally the  swelling  of  these  glands  is  the  first  suspicious  sign. 
The  swelling  may  be  simply  due  to  an  increase  and  condensation  of 
the  substance  of  the  gland.  When  the  disease  has  existed  for  weeks 
and  months  the  interior  of  the  lobes  of  the  gland  usually  contain 
minute  cavities  filled  with  a  dry,  caseous  substance.  These  are  con- 
sidered almost  diagnostic  by  DieckerhofiF. 

Rieck  {Zeitschr.f  Tliiermedicin,  1888,  xiv,  107),  recently  reported 
a  case  in  which  the  diagnosis  was  made  in  this  way: 

A  seven-year  old  mare  f  i*om  a  stable  in  which  6  cases  of  glanders  had  occurred 
within  the  past  6  montlis  was  suspected  of  glanders.  The  only  sign  upon  wliich 
this  suspicion  was  based  was  a  painless,  diffused,  by  no  means  cnaracteristic  swell- 
ing of  the  right  submaxillary  gland.  Tliere  was  no  nasal  discharge,  no  cough. 
The  gland  was  removed,  place  i  for  15  minutes  in  a  t^  percent,  solution  of  mercuric 
chloride,  washed  in  alcohol  and  cut  with  flamed  knives.  In  the  substance  of  the 
gland  were  found  two  grayish-white  soft  foci  as  large  as  pea«,  not  yet  broken  down. ' 
Cultures  made  by  placing  particles  of  these  foci  upon  agar  in  tubes  revealed  the 
presence  of  glanders  bacilli.  The  horse  was  killed,  and  at  the  autopsy  ulcers  were 
found  on  the  septum,  and  the  lungs  were  atfected  in  a  manner  characteristic  of  the 
disease.  The  author  rightly  claims  that  without  the  aid  of  bacteriology  the  disease 
could  not  have  been  determined  during  life. 

In  the  course  of  our  inoculation  experiments  on  guinea  pigs,  three 
submaxillary  glands  were  examined  and  cultivations  made: 

In  the  first  case  the  gland  was  as  large  as  two  hen's  eggs.  The  gland  substance 
was  pale  red.  Cultures  were  made  on  agar,  blood  serum,  and  ix)tato  by  cutting  out 
small  bits  of  the  interior  of  the  various  lobos  and  rubbing  these  upon  the  culture 
medium,  the  surface  of  the  gland  being  disinfected  by  scorching  it.  After  the 
cultures  had  been  made  the  gland  was  more  thoroughly  examintKl  and  a  considerar 
ble  number  of  yellowish-white  six)ts  as  large  as  a  pin's  head  were  found,  representing 
ttugs  of  pus  lodged  in  cavities.  It  is  higlily  probable  that  some  of  these  were  trans- 
ferred to  the  culture  tubes  in  the  pieces  cut  out.  The  tubes  remained  sterile,  how- 
ever, excepting  one  containing  micrococci. 

A  second  gland  taken  from  a  horse  killed  and  found  glandered  was  considerably 
swollen,  the  individual  lobes  as  large  as  walnuts.  The  gland  was  placed  in  5  per 
cent,  carbolic  acid  for  five  minutes,  then  in  t^„  per  cent,  mercuric  chloride  for  phe- 
hfdf  minute ;  finally  sterile  water  was  poured  over  it  to  remove  the  chloride. 


BtrUEAtr   Of  ATrtMAL   IKBTJSTRlf. 


SIS 


The  lobes  were  cut  open  with  flamed  knives  and  several  cavities  one-twelfth  to 
one-eighth  inch  (2  to  3  miUimeters)  in  diameter  were  found  containing  white,  con- 
sistent cheesy  masses.  Potato  and  agar  tubes  inoculated  with  these  masses  re- 
mained sterile. 

A  third  gland,  which  had  been  removed  from  a  glandered  colt  at  the  autopsy, 
was  examined  and  cultures  made  in  the  same  way.  The  gland  contained  no  caseous 
masses,  and  hence  bits  of  tissue  were  cut  out  and  placed  on  agar  and  potato  tubes. 
Of  five  cultures  all  remained  sterile  but  one.  This  contained  a  single  colony  not 
resembling  the  colonies  of  glanders  bacilli  and  made  up  of  actively  motile  bacilli. 

So  far  as  these  experiments  go,  they  can  not  be  said  to  favor  the 
method  of  diagnosis  by  extirpation  of  the  submaxillary  glands  un- 
less the  result  is  only  considered  decisive  when  the  bacilli  of  glanders 
have  been  actually  round.  They  certainly  can  have  little  value  when 
the  result  is  negative. 

UNITED  STATES  CATTLE  QUARANTINE. 

The  superintendents  of  the  various  neat-cattle  quarantine  stations 
report  the  names  of  the  importers  and  the  number  and  breed  of  each 
lot  of  animals  imported  during  the  year  1888,  as  follows: 

GARFIELD  STATION,  N.  J.  (NEAR  NEW  YORK). 

DR.   W.   HERBERT  LOWE,  SUPERINTENDENT. 


Date  of 
arrival. 


Feb. 


May 


iU 

24 

2 

2 

2 

4 

June  26 

July  n 

Aug.  24 

Sept.  26 

Oct.   11 

25 

Nov.    8 


Name  and  post-office  address   of   im- 
porter. 


Gilflllan  &  Murray,  Maguoketa,  Iowa  . . . 

William  Hanke,  Iowa  City,  Iowa 

Mack  Martin,  Richland  City,  Wis 

Smith  &  Jamison,  Mount  Sterling,  Ky  . . 

L.  F.  Ross,  Iowa  City,  Iowa 

S.  A.  Converse,  Cresco,  Iowa 

V.  T.  HilLs,  Delaware,  Ohio 

Hon.  D.  Magone,  New  York  City 

M.  W.  Dunham,  Wayne,  111 

C.  W.  Chapiu,  Springfield,  Mass 

R.  W.  Brown,  Merton,  Wis 

Adams  Express  Company,  New  York 

aty. 

T.  C.  Eastman,  New  York  City 


Port  of  shipment. 


Name  of  breed. 


London 

...do 

...do 

...do 

...do 

...do 

Liverpool 

London 

Havre   

...do 

London 

Bristol,  England  . . 

Qlasgow,  Scotland 


Red  Polled  . 

...do 

...do 

...do 

...do 

...do 

...do 

Ayrshire  . .. 

French 

...do 

Red  PoUed  . 
Short  Horn . 

Ayrshire  .  . 


No.  of 
aaimals. 


17 

28 

87 

S8 

90 

16 

18 

8 

8 

8 

8 

a 

10 


LITTLETON  STATION,  MASS.  (NEAR  BOSTON). 

DR.  A.  H.  ROSS,  8UPBRIMTKNDENT. 


Ifar.    6  I  John  A.Frye,  Marlborough,  Mass. 
May  22  '  N.  P.  Clarke,  Minneapolis,  Minn 
Oct.     1 
Nov.  19 


H.  S.  Russell,  Milton,  Mass 
Hopewell  Brothers,  Boston,  Mass. 


London . . . 
Liverpool . 
London... 
...do 


Sept.  18 


Holstein. .. 
Short  Horn 

Jersey 

Guernsey. . 


PATAPSCO  STATION,  MD.  (NEAR  BALTIMORE). 

DR.  F.   L.   KILBORNE,   VETERINARY  EXAMINER. 


Hon.  J.  Stewart,  Elbum,  111 


Glasgow,  Scotland 


81 
15 


Oct.  30 
10 


MOUNT  AIRY  STATION,  PA.  (NEAR  PHILADELPHIA). 

DR.   A.   C.   YOUNG,  SUPERINTENDENT. 


CJharles  W.  Henry,  Philadelphia,  Pa. 
Louis  Bergdoll,  Philadelphia,  Pa. . . . 


Antwerp 
....do..:. 


Swiss 

Holstein. 


H 


A  new  station  was  established  at  Philadelpia,  Pa. ,  in  October  last. 
No  contagions  disease  appeared  among  me  cattle  at  any  of  the 
stations  during  the  year. 
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REPORT  OF  CHEMICAL  DIVISION. 


February  1,  1889. 

Sir  :  I  have  the  honor  to  submit  herewith  a  statement  of  the  work 
done  in  the  Chemical  Division  during  the  past  year. 
Respectfully, 

H.  W.  Wiley, 

Chemist 
Hon.  Norman  J.  Colman, 

Commissioner  of  Agriculture. 


ORGANIZATION  AND  EQUIPMENT  OF  THE  DIVISION. 

The  necessity  for  a  new  building  for  laboratory  purposes,  as  set 
forth  in  my  last  annual  report,  still  continues.  There  are  many 
chemical  operations  needful  m  agricultural  investigations  which  can 
not  be  undertaken  at  all  with  our  present  facilities,  or  only  imper- 
fectly. Light  and  ventilation  in  the  working  rooms  are  bad  and  the 
location  of  the  laboratory  in  the  basement  continues  to  be  a  source 
of  grave  discomfort  to  the  other  employes  of  the  Department. 

During  the  year  the  Division  met  with  a  sad  loss  in  the  death  of 
Mr.  N.  J.  Fake,  on  tlie  11th  of  August,  by  accidental  drowning.  On 
certification  from  the  Civil  Service  Commission  Mr.  E.  A.  von 
Schweinitz  has  been  appointed  to  the  vacancy.  The  staff  of  the  Di- 
vision now  comprises  the  following  names: 

H.  W.  Wiley,  chemist. 

C.  A.  Crampton,  assistant  chemist. 

G.  L.  Spencer,  assistant  cliemist. 

E.  A.  ICnorr,  assistant  in  laboratory. 

T.  C.  Ti-escot,  assistant  in  laboratory. 

Hubert  Edson,  assistant  in  laboratory. 

E.  A.  von  Schweinitz,  assistant  in  laooratory. 

John  Du^n,  assistant  in  laboratory. 

K.  P.  McElroy,  assistant  in  laboratory. 

Oma  Can*,  assistant  in  laboratory. 

J.  L.  Fuelling,  assistant  in  sugar  work. 

M.  S.  Tidd,  stenoirapher. 

Martin  Johncon,  laborer. 


MISCELLANEOUS  ANALYSES. 

SAMPLES  OF  MINERALS,   ORES,  ROCKS,   ETC.,  SUBHTTTED  FOR  ANALYSIS. 

From  the  Hon.  J.  H.  Blount,  House  of  Representatives.    Sample  of  metal,  found 
to  N.»  miro  tin. 

From  .J.  A.  C.  Blackburn,  War  Eagle  Mills,  Ark.    A  sample  of  limeBtone,  with 
fragments  of  quai*tz  and  particles  of  iron  pyrites.    No  value. 
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Sent  by  G.  I.  Baldwin,  Himlock  Creek,  Pa.  A  specimen  of  sandstone  with  piir- 
ticles  of  mica.  This  might  prove  to  be  a  valuable  building  stone  if  found  in  quan- 
tity. 

From  the  Hon.  P.  B.  Plimib,  U.  S.  Senate.  A  sample  of  ore  which  assayed  8.5 
ounces  of  silver  per  ton. 

From  John  F.  Miller,  Hagerstown,  Md.  A  specimen  consisting  chiefly  of  carbon- 
ate of  lime. 

From  the  Hon.  S.  W.  Peel,  House  of  Representatives.  A  sample  of  red  hematite, 
a  valuable  iron  ore. 

Prom  J.  T.  Kale,  Newcastle,  Va.     A  specimen  of  calcite. 

From  Miss  Ida  Hays,  Redington,  Nebr.     A  sample  of  mica. 

Prom  the  Hon.  J.  H.  O'Neall,  House  of  Representatives.  A  sample  of  mineral, 
largely  carbonate  of  lime. 

fiom  the  Hon.  Charles  T.  O'Ferrall,  House  of  Representatives.     Six  samples  of 


micaceous  rock,  of  no  special  value. 

Sent  by  the  Hon.  F.  M.  Cockrell,  U.  8.  Senate.  A  sample  of  ore,  largely  galena, 
a  valuable  source  of  lead. 

Sent  by  the  Hon.  P.  B.  Plumb,  U.  S.  Senate.  Seven  samples  of  magnetite  which 
were  analyzed  with  the  following  results: 


No.  of 

Oxide  of 

sample. 

iron. 

Percent. 

1 

69.63 

2 

88.71 

8 

63.42 

4 

81.89 

6 

87.64 

6 

60.  d4 

7 

80.91 

Representing 
metallic  iron. 

Silica. 

Phoa- 
phoniB. 

Percent. 

60.42 

Percent. 
18.04 
12.38 
25.27 
13.31 
12.50 
83.60 
8.10 

Percent. 

64.24 

45.20 
59.30 
63.46 
45.62 
62.21 

Trace. 

.28 
Trace. 

.14 

Sent  by  the  Hon.  P.  B.  Plumb,  U.  S.  Senate.    A  sample  of  coal  which  gave  the 
following  smalytical  data: 

Moisture , 52 

Volatile  combustible  matter 3. 16 

Fixed  carbon 56. 54 

Ash 25 .  73 

Sulphur 14. 20 

100. 15 

This  coal  is  not  suitable  for  metallurgical  purposes  on  account  of  the  large  quan- 
tity of  ash  and  sulphur. 

Sent  by  Miss  Lottie  Randaugh,  Bloserville,  Pa.     A  sample  of  oxide  of  iron. 

From  the  Hon.  J.  M.  Berry,  U.  S.  Senate.  Two  samples  of  carbonate  of  lime, 
valuable  if  found  in  quantity.     Also  an  iron  ore  containing  27.67  per  cent,  of  iron. 

Sent  by  the  Hon.  J.  R.  Brown,  House  of  Representatives.  A  sample  of  iron  ore 
containing  25.62  per  cent,  of  iron.  This  sample  and  the  above  are  hardly  rich 
enough  to  make  them  available  for  the  manufacture  of  iron. 

From  the  Hon.  S.  W.  Peel,  House  of  Representatives.  A  sample  of  mineral  of 
no  value. 

From  J.  E.  Wiley,  Macon,  Ga.  Two  samples  of  mineral  consisting  chief!}'  of  the 
silicates  of  iron  and  alumina. 

»  rom  Israel  Shafer,  Richlandtown,  Pa.  A  sample  of  slate  rock  with  i)articles  of 
pyrites.     No  value. 

From  R.  A.  Ormdorff,  Van  Buren  Furnace,  Va.  A  sample  supposed  to  be  coal, 
i:i'roved  to  be  slate  rock  of  no  value. 

From  Mrs.  E.  F.  Whitney,  Munroe.  Tenn.     A  sample  of  iron  pyrites. 

From  W.  P.  Newman,  Coffman,  Mo.     A  specimen  of  red  hematite. 

From  Ed.  RiddiU,  Coxburgh,  Miss.     A  sample  of  iron  pyrites. 

From  W.  F.  White,  Dunedin,  Fla.     Sample  of  quartz  with  mica. 
(    From  Leak  and  Selph,  Orange  Heights,  Fla.    A  specimen  of  kaofin  pf  gobd  qilded- 
ity. 
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From  John  Street,  Calamine,  Ark.  A  sample  of  hematite,  with  much  silica  and 
a  trace  of  phosphorus;  no  special  value. 

A  sanxple  of  galena  which  might  be  valuable  if  occurring  in  quantity. 
From  J.  M.  Mohr,  Passer  P.  O.,  Pa.     A  specimen  of  pectolite,  essentially  a  sili- 
cate of  lime  and  soda,  of  no  commercial  value. 

From  W.  P.  Newman,  Coffman,  Mo.  A  specimen  of  gneiss  with  a  little  iron  ore  ; 
a  specinaen  of  crystallized  carbonate  of  lime,  neither  of  which  possesses  any  com- 
mercial value. 

From  Chas.  S.  Sterner,  Coopersburgh,  Pa.  A  specimen  of  silicate  of  the  follow- 
ing composition: 

Percent. 

Silica , 56.  69 

Water 18.  68 

Alumina 17.  97 

Lime 5. 80 

Undetermined 86 

100.00 

It  has  no  particular  value. 

From  F.  K.  DeWitt,  Graysville,  Va.    A  sample  of  hematite. 
From  E.  J.  Joyner,  Flag  Pond,  Va.     A  good  specimen  of  limestone. 
From  Chas.  Brodtman,  Cape  Girardeau,  Mo.    A  sample  of  gypsum  which  on 
analysis  gave  the  following  data: 

Per  cent. 

Sulphate  of  hme 86. 94 

Carbonate  of  lime 6. 16 

Iron,  alumina,  etc 1, 84 

Moisture 5. 06 

SAMPLES  OP  FERTILIZERS,   FERTILIZING  MATERIALS,   MARLS,   ETC. 

Sent  by  J.' mes  Walker,  Darien,  Ga.  A  sample  of  mineral  containing  8.81  per 
cent,  of  phosplioric  acid;  enough  to  make  it  of  some  value  for  manufacturing  a 
fertilizer. 

Sent  by  B.  Rosenfeld,  Mimbres,  N.  Mex.  A  sample  of  mineral  which  was  tested 
for  ihosplioric  acid,  a  trace  of  which  was  found;  not  enough,  however,  to  mcUce  it 
available  as  a  fertilizer. 

Sent  by  E.  W.  Stump,  Tombstone,  Ariz.  A  sample  of  soil  containing  4.74  per 
cent,  of  organic  matter. 

iVom  J.  H.  Williams,  Accokeek,  Md.  Two  samples  of  marl,  one  of  which  con- 
tained a  trace  of  j>hosphoric  acid.     Neither  sample  of  any  value. 

From  W.  L.  Gilbert,  Ocean  Springs,  Miss.  A  sample  containing  a  large  quantity 
of  lime. 

From  Julius  Bc^cker,  Springerville,  Ariz.     Sample  of  gypsum. 

From  Mrs.  Seton  levies,  Collington,  Md.  A  sample  of  phosphate  rock;  of  no 
value  as  a  fertilizer. 

FromG.  A.  Bacon.  U.  S.  Department  of  Agriculture.  A  sample  of  rook  sup- 
posed to  contain  phos])horic  acid,  none  of  which  was  detected. 

From  H.  S.  Adiiison,  New  Orleans,  La.  A  sample  of  rice-chaff  ash  containing 
of  phosphoric  aci<l  .71  per  cent.,  of  little  value  as  a  fertilizer. 

Prom  W.  IxH*  White,  Pension  Office.  A  sample  of  marl  containing  phosphoric 
acid,  .11  per  cent.  :  nitrogen,  .05  per  cent.     Of  no  value  as  a  fertilizer. 

From  H.  C  Perkins,  Llewellyn,  Oregon.  A  sample  of  stone  submitted  for  valua- 
tion as  a  fertilizer  ;  no  phosphoric  acid  was  found. 

From  E.  T.  Pet<  rs,  U.  S.  Department  of  Agriculture.  A  sample  of  clay  contain- 
inpT  too  much  sand  to  make  it  useful  for  a  potter's  clay. 

From  Barthelson  and  Fellanders,  Sanford,  Fla.  A  very  poor  sample  of  fertilizer, 
containing  only  1  i)er  cent,  of  phosphoric  acid  and  .51  per  cent,  of  potash. 

From  O.  H.  Kelley,  Carrabelle,  Fl '.  A  sample  of  marl  containing  .12  per  cent,  of 
phosphoric  acid. 

From  H.  C.  Perkins.  Llewellyn.  OreKon.  A  sample  of  marl  containing  onl^  a 
trace  of  phosphoric  acid,  of  no  value  as  a  fertilizer. 

From  Edward  Ward,  Pineville,  Wis.  A  sample  of  marl  containing  .6  per  cent, 
of  phosphoric  acid. 

From  the  Rev.  Carlisle  P.  B.  Martin,  Waverly,  Tex.  A  sample  of  clay  highly 
<^lored  by  oxide  of  iron. 

From  H.  G.  Hanna,  Pembroke,  Ky.    A  sample  of  limestone  of  fine  texture.     If 
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available  in  quantity  it  might  make  a  good  building  material  or  be  valuafile  for  the 

manufacture  of  lime. 

BVom  G.  H.  Klippinger,  Cherry viUe,  Pa.    A  sample  supposed  to  be  a  fertilizer, 

containing: 

Percent. 

Ammonia 89 

Potash , 06 

Phosphoric  acid 1. 56 

Almost  worthless  as  a  fertilizer. 

From  G.  A.  Grover,  Horace,  Dak.     Analysis  of  sample  of  clay  : 

Per  cent. 

Alimiina 

Iron  FeO 

Lime 

Silica 


Phosphoric  acid. 

Alkalis 

Or^nic  matter. 
Moisture 


33.89 

5.49 

3.96 

48.97 

.05 

Trace. 

15.44 

5.97 


From  H.  M.  Smith,  Lenah,  Va.     A  sample  of  rock  of  no  value. 

From  Joseph  H.  Key,  Leonardstown,  Md.  A  sample  of  green  sand  containing 
.47  per  cent,  of  phospnoric,  a  trace  of  iron,  and  no  potash.  Of  little  value  as  a 
fertilizer. 

From  the  Hon.  J.  M.  Allen,  H.  R.  A  sample  supposed  to  be  suitable  for  the 
manufacture  of  cement.  It  was  a  mixture  of  limestone  and  sandstone,  not  exhibit- 
ing the  proper  hardening  qualities. 

From  James  M.  Michael,  Bamhart's  Mills,  Pa.  A  sample  supposed  to  be  a  marl; 
was  found  to  be  a  clay  of  no  fertilizing  properties  whatever, 

SAMPLES  OP  SORQHUM  CANES,  SUGAR  BEETS,    AND  SIRUPS. 

Sent  by  C.  W.  Wood,  Hertford,  N.  C,  two  samples  of  sorghimi  cane: 


Amber. 

Orange. 

Total  solids 

Per  cent. 
14.10 
6.40 
4.97 

Per  cent. 
13.70 
6.19 
(•) 

Sucrose 

Glucose 

♦Not  detert 

ained. 

This  cane  does  not  appear  to  be  quite  ripe;  would  make  a  good  sirup,  but  is  unfit 
for  sugar-making  purposes. 
Sent  by  David  Cox,  Hertford,  N.  C,  two  samples  of  sorghum  cane: 


Juice per  cent. . 

Sucrose do 

Glucose do 

Specific  gravity 

Degrees  Brix 

Temperature ....  deg.  C . . 


Early 

Late 

Orange. 

Orange. 

56.17 

64.57 

7.67 

8.69 

8.87 

4.58 

1.060 

1.061 

13.00 

14.70 

22.5 

22.7 

Also  a  sample  of  Early  Amber  : 

Per  cent. 

Total  solids 15. 70 

Sucrose 8. 14 

Glucose  6. 62 

th    _i  ^^*  suitable  for  sugar  making  purposes  but  would  probably  giT»;»]Arge  yv 
Binip. 
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Sent  by  W.  B.  Shaw,  Sliawborough,  N.  C,  two  samples  of  sorglium  cane: 


No.  1. 

No.  2. 

Juice per  cent. . 

68.88 

7.07 

8.87 

1.06 

1?.20 

iM.OO 

Sucrose do — 

Glucose do 

Specific  cravity 

11.06 
8.83 

Decrees  Brix 

16.4 

Temperature. . .  .d^r.  C. . 

No.  1  is  a  rich  cane  for  sugar-making  purposes. 

Sent  by  John  Upton,  Belcross,  N.  C,  two  samples  of  sorghum  cane; 


Early 
Amber. 

Early 
Orange. 

Juice per  cent. . 

Sucrose do 

Glucose do 

Specific  jrravity 

66.80 
12.28 
2.67 
1.06 
16.10 
24.6 

66.20 

7.94 

4.8C 

1.05 

13.60 

26.00 

Dearrees  Brix 

Temperature deg.  C. . 

Sent  by  Harvey  Terry,  Terry's  Manor,  North  Carolina,  four  samples  of  sorghum 
cane: 


Early 
Amber. 

Late 
Orange. 

Amber. 

Juice per  cent. . 

Sucrose do 

GlucoHe do 

Specific  srravity 

54.44 

6.05 

5.23 

1.05 

12.00 

24.70 

56.95 

7.42 

4.00 

1.05 

12.22 

28.00 

64.58 

7.09 

4.87 

1.06 

12.00 

28.00 

Deifrees  Brix 

Temi)eraturo deg.  C. . 

N^o.  4  had  undergone  acid  fermentation  and  analyzed  as  follows: 

Per  cent. 

Total  solids 16.  30 

Sucrose 7.  57 

Glucose 4.  75 

Sent  by  Densmore  Bros.,  Red  Wing,  Minn.,  a  sample  of  sorghum  molasses: 

Per  cent. 

By  direct  polarization sucrose. .  46. 30 

By  invert  polarization do. ...  49. 16 

Reducing  sugars 30. 40 

It  is  rich  in  sucrose  and  ought  to  yield  a  large  crop  of  crystals  if  boiled  to  the 
proper  density. 

Sent  by  A.  F.  George,  Ada,  Minn.,  two  samples  of  sugar  beets: 


Juice  per  cent . . 

Moisture do 

Purity 

Sucrose per  cent. . 

Specific  gravity 

Degrees  Brix 

Teiuixirature Cent . . 


White 

Yellow 

beets. 

beets. 

59.66 

60.47 

89.99 

80.45 

60.27 

59.44 

6.69 

6.41 

1.048 

1.035 

11.10 

9.10 

20° 

22* 

These  are  both  below  the  average  for  sugar  beets  in  this  country. 
AG  88 15 


326 


REPORT   OF   THE   COMMISSIONER   OF    AGRICULTURE. 


Sent  by  C.  W.  Scarfl,  Grand  Island,  Nebr,  two  samples  of  sugar  beets: 


TotAl  solidfl .  per  cent . 

Sugar do 

Purity 


Vilmorin. 


18.40 
16. 8H 
88.69 


White 
Imperial. 


18.  RO 
16.75 
88.77 


These  are  very  rich  and  capable  of  producmg  not  less  than  230  pounds  of  sugar 
per  ton  of  beets. 
Sent  by  William  Juntgen,  Kansas,  Ill.|  a  sample  of  sugar  beet: 

Total  solids per  cent. .  10. 40 

Sucrose do 4. 73 

Purity 45. 48 

• 

These  beets  are  unfit  for  the  manufacture  of  sugar. 

Sent  by  W.  C.  Buderus,  Sturgis,  Dak.,  two  samples  of  sugar  beets: 


Pink 
beets. 

White 
beeta. 

21. 4H 
15.08 
60.97 

Total  solids. . .  per  cent . . 

Sugar do 

Purity  co-efficient 

20.40 
13.82 
66.  S9 

A  high  percenta^  of  sugar,  but  also  a  large  quantity  of  total  solids. 
Sent  oy  Hon.  E.  r^.  Morrill,  House  Representatives.     Sample  of  sorghum  molas- 
ses, too  small  a  Quantity  for  analysis. 
Sent  by  H.  S.  Tresoot,  Pendleton,  S,  C.    Two  samples  of  sorghimi  sirup. 


Moisture. 

Ash 

Glucoflo.. 
Sucrose.. 


No.  1. 


Percent. 
21.48 
Jj.76 
86  97 

39.20 


Percent. 

28.60 

1.92 

88.48 

83.10 


Sent  by  the  Hon.  F.  M.  Cockrell,  U.  S.  Senate.    A  siuuple  of  molaaaes: 

Per  cent. 

Sucrose 43 .  00 

Glucose 26. 29 

Moisture 28.18 

Ash 3.08 

Undetermined 05 


ANALYSES  OF  SAMPTJCS  OF  WATER. 

From  E.  W.  Deming,  Ckmway  Springs,  Kans.  Two  samples  of  water ;  River 
water,  20.07  grains  total  solids  per  United  States  gallon.  Well  water,  12.52  grains 
total  solids  jht  United  States  gallon. 

Tlicse  waters  are  l>oth  excellent  for  techiiiciil  purposc^s. 

From  H.L.Long,  Walnut,  Tex.  A  sample  of  water  containing  201.88  grains  of 
solids  per  gallon,  comprised  chiefly  of  sulphate  of  calcium  and  some  chloride  of 
sodium. 

From  Hi'ury  Peaslee,  Georgetown,  Tex.  A  .sarajile  of  water  containing  655.55 
grains  of  solids  jx^r  United  States  gallon.  A  partial  quHntitati\  e  analysis  of  the 
solid  matter  showed  the  following  composition  : 

Sodic  chloride grains  per  United  States  gallon . .  194. 77 

Magnesia no 26. 88 

Alumina do 57. 77 

This  water  is  imfit  for  drinking  purposes. 


REPORT  OF  TED  OHISMIST.  227 

Sent  by  H.  B.  Bickaler,  Henidon,  Va,  A  sample  of  woter  containuig  19  grains 
of  total  solids  per  gallon,  consisting  of  carbonates  and  sulphates  of  lime  and  mag-r 
nesia,  with  organic  matter,  and  traces  of  alkaline  chlorides. 

From  W,  H.  Thomas,  La  Grange,  Mo. ,  a  sample  of  water  a  complete  analysis  of 
-which  was  made : 

GraiBS  pep  United  States  innon. 

Sulphate  of  sodium ,      9, 933 

Chloride  of  sodium 890.  607  - 

Carbonate  of  potaasium  — , , , 6, 174 

Carbonate  of  sodium 74fl 

Carbonate  of  calcium , ....<»«.*.    35*  830 

Carbonate  of  magnesium 30,  Q82 

Alumina ,  09o 

Ferric  oxide Trace. 

Silica 9,891 

Total  solids 396. 104 

From  the  Hon.  J.  N.  Burnes,  House  of  Representatives,  a  wat^r  containing  38.59 
grains  of  solids  per  gallon,  consisting  of  lime,  magnesia,  alumina*  iroUi  and  alkalis 
combined  with  sulphuric,  carbonic,  and  hydrochloric  acids  and  siliQIi. 

Sent  by  the  Hon.  C.  T.  O'Ferrall,  House  of  Representatives,  a  sample  of  water 
containing  15.87  grains  per  gallon  of  solids,  consisting  of  the  same  ingredients  as 
the  above  sample. 

From  J.  P.  Eaton,  Maple ville,  Nebr.,  two  samples  of  water.  Water  from  25-foot 
-well  contains  38.43  grains  of  solids  per  gallon;  water  from  91-foot  well  contains 
20.07  grains  of  solids  per  gallon. 

The  composition  of  the  solid  matter  is  the  same  as  in  the  two  preceding  samples. 

From  the  Hon.  Samuel  Pasco,  U.  S.  Senate,  a  sample  of  water,  a  complete 
analysis  of  which  wiifi  made : 

Parts  por  mUUcm. 

Oxygen  required  by  organic  matter 81,  dO 

Free  ammonia , .44 

Albuminoid  ammonia .18 

Nitrates , , ,..,,, 

Nitrites Trace. 

Total  solids grains  per  gallon . .  167. 50 

Chlorine do 62.  68 

The  solid  matter  consists  of — 

Lime grains  per  gallon. .  9. 96 

Magnesia do 8.  01 

Sodic  chloride , do. . » .  61.  66 

Soda r do. , , .  5.  88 

Potassic  chloride ,,,,,.,.  Traoe« 

Sulphuric  acid grains  per  gallon . .  9. 27 

Carbonic  acid , . ,  ,do. . . ,  7, 86 

Silica , , do. ...  ♦  W 

Iron  and  alumina Traca. 

Undetermined grains  per  gallon . .  1. 74 


IMII        Oil. 


100.  OQ 
This  is  a  mineral  water  and  migbt  prove  to  possess  medicinal  virtues. 

MISCELLANEOUS  SAMPLES. 

From  M.  J.  Albright,  Rago,  Kans.  A  sample  of  salt  containing  98.86  per  cent,  of 
sodic  chloride. 

From  Mrs.  Jenkins,  Washington,  D.  C.  A  sample  of  powders  which  was  tested 
for  bromides,  chloral,  and  morphine,  with  negative  results. 

From  ^Irs.  Grigsby,  Washington,  D.  C.    A  sample  of  milk  containing: 

Per  cent. 

Total  solids 9. 76 

Fat 1. 65 

Albuminoids 3. 09 

This  is  a  very  inferior  sample  of  milk,  having  been  depriyed  of  at  least  two-thircl9 
of  its  cream, 
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From  E.  S.  Stover,  Albuquerque,  N.  Mex.    A  cample  of  cane,  for  valuation  as  a 
fodder: 

Per  cent. 

Albuminoids 3. 68 

Fat  and  oil 8 .  58 

Alcohol  extract 26. 34 

Crude  fiber 13.35 

It  is  deficient  in  nitrogenous  principles,  but  might  prove  an  acceptable  change  of 
diet  for  cattle. 
Sent  by  D.  J.  Fair,  Sterling,  Kans.    A  sample  of  brine: 

Specific  gravity 1. 1892 

Ibtal  sohds 25.09 

In  the  dry  substance  there  was  found: 

Per  cent. 

Sodiccloride 91.95 

Magnesia ; . .  1. 86 

Sulphuric  acid .89 

Unaetermined 5. 30 

Sent  by  R.  F.  Bond,  Sterhng,  Kans. ,  two  samples  of  brine  and  two  samples  of 
salt: 


Total  solid  matter 

Sodic  chloride 

Magnesia 

lime  

Sulphuric  acid  — 

MoiiBture 

Undetermined  — 


Brine  1. 

Brine  2. 

Saltl. 

FlAlt  2. 

Percent. 

Percent. 

Per  cent. 

Per  cent. 

27.51 

27.07 

90.88 

04.^ 

26.18 

24.  G6 

80.63 

90.45 

.07 

.49 

.11 

.08 

Trace. 

Trace. 

.44 

1.25 

.23 

.42 

.51 

.78 

72.85 

72.98 

9.67 

6.02 

.07 

2.51 

4.64 

2.46 

Submitted  by  Professor  Alwood,  Department  of  Agriculture.  An  insect  powder 
in  which  arsenic  in  quantity  was  found. 

From  the  Hon.  E.  O.  Graves,  Superintendent  of  Bureau  of  Printing  and  Engrav- 
ing.   A  sample  of  linseed-oil: 

Specific  gravity  at  15.5**  C 9325 

Percent^e  of  iodine  observed  . . . : 152.00 

Refractive  index  at  IT.S**  C 1.4785 

No  adulteration  was  discovered. 

Sent  by  Nelson  Page,  Washington,  D.  C,  a  sample  of  rye  flour  supposed  to  have 

been  sifted: 

Percent. 

Crude  fiber 11.44 

Starch 24.05 

The  sample  resembles  rye  bran  rather  than  flour,  and  has  evidently  been  sifted. 
From  Dr.  F.  L.  Kilbourne,  U.  S.  Department  of  Agriculture.    Two  samples  of 
linseed-oil  cake: 


starch 

Crude  fiber 

Moisture 

Ash 

Fat  and  oil 

Alcohol  extract 
Albuminoids  .. 


No.  1. 

No.  2. 

Percent. 

Percent. 

20.78 

19.18 

4.23 

5.96 

8.38 

7.84 

5.79 

5.72 

9.05 

4.28 

12.80 

12.91 

81.09 

38.69 
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From  C.  F.  Hopkins,  United  States  Department  of  Agriculture, 
rprapes. 


Two  samples  of 


No.  1, 

No.  2. 

Sucrose 

Percent. 
6.99 
9.53 

Per  cent. 
S.7o 
10.  M 

Reducing  sugars 

Total  sugars 

16.53 

14.29 

From  Prof.  Cummings  Cherry,  Chicago,  111.     Specimen  of  palmetto  root,  stalk, 
and  leaves. 


Root. 

Stalk. 

Leaves. 

Ether  extract  . . . 

Albuminoids 

Crude  fiber 

Percent. 
.71 
1.66 
45.86 

Per  cent. 
.49 
2.10 
46.80 

Percent. 
2.79 
7.79 
60.22 

S^VMPLES  ANALYZED  FOR  THE  ASSOCIATION  OP  OFFICIAL  AGRICULTURAL  CHEMISTS. 

Samples  received  from  Prof.  J.  A.  Meyers,  chairman  of  committee  on  potash. 


By  method  of  A.  O.  A.  C.      Pjl^-i^tSS?' 


No.  1.  Potassic  chloride  . 


No.  2.  C.  P.  potassic  sul- 
phate   


No.  3.  Acid  phosphate  with 
potassic  sulphate 


No.  4.  Calcined  kainite 


Per  cent.  KCl. 
86.04 
86.16 
86.06 


No.  6. 


Per  cent.  KCi. 

84.88* 

84.71* 

84.08* 

Per  cent.  KjO. 

66.48 

63.68 


13.70 
13.82 
18.89 
17.20 
17.20 
17.26 
4.96 
4.99 


Per  cent.  Kd. 
85.64 
86.56 

Per  cent.  K,0. 
54.10 
54.02 
58. 8Q 

18.62 
18.72 
18.78 
17.82 
17.26 


5.18 
5.80 


Analyses  made  by  A.  E.  Knorr,  except  those  marked  *,  which  were  made  by  Dr. 
C.  A.  Crampton. 

Samples  from  Dr.  W.  J.  Gascoyne,  chairman  of  committee  on  phosphoric  acid. 
Analyzed  by  A.  E.  Knorr: 


Moisture. 

Phosphoric 
acid. 

No.  1.  South  Carolina  phosphate 

No.  2.  TanVftjw  

Per  cent. 
.76 
6.44 

Per  cent. 
28.16 
14.23 

No.  3. 

Ammoniated 

superphosphate. 

No.  4. 

Dissolved 

South  Carolina 

phosphate. 

No.  5. 

Dissolved  Navassa 

phosphate. 

Moisture 

Per  cent. 

14.06 
0.74 
1.59 
8.33 
1.80 
9.08 

Percent. 

9.88 
10.68 

8.81 
18.94 

1.28 
15.22 

JPer  cent. 

8.25 
6.78 
7.94 

14.72 
8.84 

l&OG 

Soluble  phosphoric  acid 

Reverted  phosphoric  acid 

Available  phosphoric  acid 

Insoluble  phosphoric  acid 

Total  phosphoric  acid 

230 
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SampleB  from  Prof.  M.  A.  Scovell^  chairman  of  committee  on  nitrogen.  Anal^ries 
made  by  T.  C.  Trescot:  No.  1,  potassimn  nitmte  C.  P. ;  No.  2,  cotton-seed  tUMl; 
No.  3,  sodium  nitrate  C.  P.,  ammonium  sulphate  C.  P.,  cotton-seed  meal  and  acid 
phosphate ;  No.  4,  sodium  nitrate  C.  P. ,  cotton-seed  meal,  muriate  of  potasii  and 
acid  phosphate  ;  No.  5,  a  mixed  tankage  of  the  trade. 


No.  1. 

Kg.  8. 

No.  8. 
Perct.N. 

No.  4. 

No.  5. 

By  soda-lime  method 

Perct.N. 

PerctN. 
7.14 

Perct.N. 

Perct.N. 
2.86 

By  Kjeld*hl  method 

7.50 

S.91 

j^y  ^eldahl  modified  for  nitrates  . . . 
By  Ruffle  method 

18.88 

3.70 
8.86 

8.18 

8,10 

7.47 

197 

Sample  received  from  Prof.  Richard  H.  Gaines,  chairman  of  committee  on  phos- 
phoric acid.     Analyzed  by  E.  A.  von  Schweinitz  and  J.  L.  Fuelling : 


Soluble  phosphoric  add 
Reverted  phosphoric  acid 
AvailabU)  phosphoric  acid 

Initoluble  phonphoric  acid 

Total  phosphoric  acid 


Fuellinp. 


No.  8.     No.  8. 


10.72 

1.92 

12.64 

1.98 

14.87 


•^4 


1.80 
8.54 

2.00 

10.53 


In  connection  with  the  Investigation  on  the  nature  and  causes  of  "  peach  yel- 
lows "  carried  on  l>y  the  Division  of  Pathological  Botany  of  this  Department,  a 
series  of  ash  analyses  of  the  different  parts  of  the  ])eftch  tree  was  made  by  A.  E. 
Knorr.  A  full  discussion  of  tliese  analyses  will  be  found  in  the  special  bulletin 
published  b^  that  division  on  this  subject. 


SWEET  CASSAVA.* 

{Jatropha  manihot  or  Aij)!.) 

About  the  middle  of  March,  this  year,  I  received  from  Mr.  R.  H. 
Burr,  of  Bartow,  Fla.,  a  package  of  cassava  roots.  These  roots 
reached  the  Department  in  fine  condition,  being  apparently  as  fresh 
aa  the  day  they  were  taken  from  the  soil.  Aiter  careful  sampling 
and  cleaning,  a  sufficient  quantity  of  the  roots  was  cut  into  thili 
slices  and  thoroughly  dried.  In  a  definite  weighed  portion,  sampled 
as  carefully  as  possible,  the  percentage  of  moisture  was  determined. 
The  dried  and  powdered  roots  were  preserved  for  future  analysis. 
Owing  to  a  press  of  other  matter,  this  analysis  was  not  made  until 
the  latter  part  of  July  and  the  first  of  August  this  year.  Mr.  Burr, 
in  forwaraing  the  roots,  sent  the  following  information  concerning 
them: 

Tlie  roots  do  not  last  long  after  digging,  diying  uj)  or  rotting.  Since  this  variety 
of  cassava  is  not  the  bitter  or  poisonous  kina.  it  Is  generally  known  in  Florida  as 
the  sweet  cassava.  The  roots  are  fed  to  all  kinds  of  st(K^k  in  a  fresh  state,  and  are 
greatly  relished.  It  has  been  sufficiently  tested  here  to  show  its  great  value  as  a 
stock  food.  The  yield  under  favorable  conditions  is  listonishing.  I  have  recently 
dug  one  plant  of  one  year's  growth,  which  weighed  50  pounds,  l>eing  Mt  the  rate  of 
more  than  1,500  bushels  to  the  acre.  Eight  hundred  to  1,000  bushels  per  acre  can 
be  confidently  reckoned  on. 

♦Read  by  permission  of  the  Commissioner  of  "Agriculture  at  the  Cleveland  meet- 
ing of  the  Society  for  the  Promotion  of  Agricultural  Science,  August^  1888,  and 
ublished  in  Agricultural  Science,  vol.  2,  No.  10,  and  Botanical  Gazette,  vol.  14, 
"o.  3,  p.  71. 
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The  roots  received  by  us  were  long  and  slender,  and  of  various 
sizes;  some  of  them  were  quite  2  feet  long,  and  weighed  several 
pounds.  The  bark,  which  contains  the  poisonous  principle,  if  any  be 
present,  was  carefully  scraped  off  and  has  been  preserved  for  subse- 
quent examination.  The  analysis  of  the  sample,  calculated  to  dry 
substance,  is  given  in  the  following  table: 

Serial  No 5547 

Ash per  cent . .  1. 94 

Oil  (petroleum  ether  extract) do 1. 27 

Ether  extract  (glucosides,  alkaloids,  organic  acids,  etc.) do .74 

Alcohol  extract  (aniids,  sugars,  resins,  etc.) do 17. 43 

Crude  fiber do 4. 03 

Starch do 71. 85 

Albuminoids  (calculated  from  nitrogen) do. ...  8. 47 

100. 73 

In  regard  to  the  method  of  analysis,  little  need  be  said;  it  was 
carried  on  in  accordance  with  the  well-established  rules  of  plant 
analysis  as  laid  down  by  Dragendorff.  The  first  extraction  of  pe- 
troleum ether  gave  the  fat  or  oil  alone,  and  the  subsequent  extrac- 
tion with  suli)liuric  ether  gave  the  glucosides,  alkaloids,  and  organic 
acids.  That  portion  of  nitrogen  existing  as  amids  has  been  estimated 
in  the  alcoholic  extract.  The  total  nitrogen  was  also  estimated  and 
entered  as  albuminoids;  a  small  portion  of  the  nitrogen  has  thus 
been  counted  twice  in  the  total  results  which  add  up  a  little  over  100. 
A  characteristic  feature  of  the  cassava  root  is  shown  in  the  large 
amount  of  substance  present  soluble  in  alcohol.  The  amount  of 
starch  also  compares  fairly  M^ell  with  the  best  varieties  of  potatoes. 
On  account  of  the  large  quantity  of  sugars  present,  the  cassava  root 
could  bo  more  economically  usea  for  the  manufacture  of  glucose  than 
for  starch;  their  is  no  doubt,  however,  of  the  fact  that  a  fine  article 
of  starch  food  can  be  made  from  the  cassava  root  growing  in  this 
country. 

In  addition  to  tlie  frosli  root  above  noted,  two  samples  of  the  dried 
root  or  cassava  meal  have  also  been  examined.  No.  5922  was  sent 
tons,  deseril)ed  as  pulverized  manihot  root  or*  cassava  flour.  The 
root  is  first  peeled,  chopped  into  thin  sclices,  dried  in  the  sun  two 
days,  and  pulverized.  It  was  prepared  by  Pror.  W.  H.  Kern,  of  Bar- 
tow, Fla.  No.  5923  was  labeled  pulverized  cassava,  with  the  starch, 
or  a  portion  of  it,  and  glucose  washed  out,  the  remaining  pulp  dried 
in  the  sun,  prepared  by  Professor  Kern. 

Professor  Kern  sent  a  letter  with  the  samples,  from  which  the  fol- 
lowing extracts  are  made: 

Allow  mo  to  say  that  owing  t<)  the  prodigious  yield  per  acre  of  what  we  here 
know  as  ca»sava,  and  its  alleged  value  as  a  feed  and  fooa  plant,  and  for  its  yield  of 
starch  and  glucose,  it  is  attracting  a  very  ^eat  deal  of  attention  here  tiow.  The 
plant  here  grown  is  different  from  the  manioc  root  of  South  and  Central  America; 
our  root  contains  no  poisonous  elements  which  need  to  be  dissipated  by  heat.  It  is 
customary  here  for  many  persons  to  make  their  own  starch  from  it.  The  root, 
which  must  remain  in  tlie  ground  until  one  is  ready  to  use  it,  is  dug,  washed,  and 
its  two  inner  and  outer  peelings  removed;  it  is  then  grated  and  the  pulp  washed, 
the  water  penned  off  in  a  vessel  and  allowed  to  stand,  when  the  pure  starch  settles 
in  the  bottom.  Tlie  clear  water  is  again  drawn  off  and  the  starch  allowed  to  dry. 
The  pulp,  after  liavinj;;  the  starch  washed  out,  may  be  used  at  once  in  making  pud- 
dings by  the  addition  of  milk,  eggs,  etc.  This  washed  pulp  may  be  sun-dried  and 
thus  kept,  forming  valuable  meal  or  flour  from  which  nice  bread  may  be  madd. 
Necessitated  as  we  are  in  south  Florida  to  buy  all  om:  wheat  flour,  anything  which 
acts  as  a  substitute,  either  in  v/hole  or  in  part,  is  of  great  value  to  us. 
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The  analyses  of  two  samples  of  flour  are  given  in  the  following 
table : 


Serial  No 

Water per  cent 

Ash do. . 

Oil  and  fat do. . 

Glucosides,  alkaloids,  and  organic  acids . .  do . . 

Amids,  sugars,  resins do . . 

Dextrine,  gum,  etc.,  by  difference do. . 

Crude  fiber do. . 

Nitrogenous  bodies do. . 

Starch   do. . 


^©22 

5923 

10.50 

11.86 

1.86 

1.13 

1.50 

.86 

.C4 

.43 

13.69 

4.50 

2.85 

5.63 

2.96 

4.15 

1.31 

1.31 

64.63 

70.13 

From  the  above  analyses  it  is  seen  that  the  cassava  can  never  take 
the  place  of  the  flour  made  fronl  cereals,  as  a  food  material,  on  ac- 
count of  the  small  portion  of  nitrogenous  matter  which  it  contains. 
It  seems  to  me,  however,  that  it  might  very  well  take  the  place  of 
potatoes,  and  its  value  as  a  food  should  not  be  underestimated. 

Mr.  S.  W.  Carson,  of  Midland,  Fla.,  has  made  some  very  valuable 
contributions  to  the  literature  of  the  native  cassava.  From  a  letter 
of  his  to  the  Florida  Fanner  and  Fruit  Grower  of  April  11,  1888,  I 
make  the  following  quotations  : 

As  before  stated,  I  regard  the  rolling  pine  lands,  containing  some  willow  oak,  to 
be  the  best  for  cassava,  and  the  southern  counties  to  be  best  suited  to  it.  Let  the 
soil  be  well  prepared  by  plowing  and  harrowing,  rows  checked  about  4  feet  apart, 
one  piece  laid  in  each  hill.  I  think  they  should  never  be  closer  together  than  4 
feet,  and  5  would  be  better.  Cassava  has  been  known  to  grow  for  three  years  in 
this  country.  It  will  continue  to  grow  until  the  cold  kills  it,  then  by  breaking  off 
the  stems  when  they  are  red,  the  stubble  will  sprout  up  in  the  spring.  As  to  the 
seeds  of  the  cassava  they  will  ripen  in  about  one  year.  If  puddings,  custards,  etc. , 
are  desired,  the  roots  must  be  peeled  and  grated;  salt,  sugar,  etc.,  may  be  used  ac- 
cording to  taste.  The  Spaniards  make  bread  of  it  simply  by  gi'ating  the  root,  and 
adding  salt  and  a  Uttle  soda.  Now  there  is  no  doubt  in  my  mind  but  that  thirty 
tons  of  cassava  root  j^er  acre  can  l)e  produced.  When  I  think  of  the  tapioca,  glu- 
cose, and  starch  there  are  in  it,  and  how  abundantly  it  can  be  turned  into  oacon  and 
lard,  milk  and  butter,  mutton  and  beef,  I  feel  confident  that  it  will  pay  better  than 
any  other  plant  in  the  world. 

Mr.  J.  H.  Moore,  of  Keuka,  Fla.,  in  a  letter  to  the  same  paper  of 
November  24,  1887,  describes  some  of  the  uses  of  cassava.  From 
his  letter  I  make  the  following  extract: 

Cut  the  stalks  about  1  inch  above  the  ground,  just  before  frost;  after  cutting,  the 
stalks  should  be  left  to  dry  in  a  cool  place  a  few  weelcs,  and  then  placed  in  a  trench 
and  covered  until  time  for  planting.  Some  save  Jthe  stalks  by  keeping  them  in  a 
dry,  cool  place  imtil  Febi-uary  and  then  plant.  Tlie  roots  should  be  dug  as  used; 
they  will  not  keep  in  good  condition  out  of  the  ground  more  than  three  or  four 
lays.  It  is  perhaps  the  best  feed  we  can  raise  for  hogs;  it  is  also  a  fine  feed  for 
x)ultry.     We  often  bake  it  like  sweet  potatoes,  and  also  slice  and  fry  it  like  Irish 

..     :jacc  has  addressed  a  letter  to  the  National  Society  of  Agricult- 
.X  France,  concer^^ing  the  cassava  which  he  calls  *'  Maninotutil- 

'  iinion  that  the  poisonous  varieties  are  differ- 

T^nocent.     Manihot  is  the  bread  of  tropical 

*ety  is  cultivated  in  Bolivia,  and  the 

•Lctixihot  aipi."    The  plant  grows  from  1  to  2 

ifr.'^icrht  and  naked  stalks,  since  they  only 

Mcxi  ties     he  only  care  given  to  them  in 

-  J  tlr  >    ■  •'^m  weeds,     ^he  roo+s,  to  the 

^      .      --     ii  th«  c]'^*^^     lant       ^he  f  ol- 


i-'^ 


» 


.vma."    He  is  of  f 
i  V  *  om'cally  froT^ 
^he  inn* 
here  r'^l 


XJ 


•'iT^ 


1  • 


.ho. 


1.1  Tl 


rail 
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Per  cent. 

Water , 70.  29 

Starch : 14.  40 

Sugar,  salts,  and  malic  acid *. 1.  01 

Fibrin  and  yellow  coloring  matter 08 

Crude  fiber 8. 16 

Ash 10. 82 

Froin  the  above  it  is  seen  that  the  roots  of  the  tropical  plant  are 
quite  different  from  those  produced  in  our  own  country.  In  regard 
to  the  distribution  of  the  two  varieties,  M.  Sacc  makes  the  following 
observation: 

In  Cuba  I  have  seen  only  the  poisonous  variety.  The  same  is  true  of  Brazil, 
where  I  have  not  seen  the  manihot  aipi  except  in  the  Swiss  colony,  Porto  Real.  As 
to  the  product  of  the  two  varieties,  it  is  the  same;  the  stalks,  which  are  the  size  of 
the  finger,  are  from  1  to  2  meters  in  height.  I  have  not  been  able  to  analyze  the 
leaves  of  this  interesting  vegetable,  but  as  they  are  much  sought  after  by  cattle, 
they  are  probably  very  nutritious. 

The  above  quotation  from  M.  Sacc's  paper  I  have  taken  from  the 
Revue  Agricoie  (ii,  G,  pp.  81,  82),  publisned  at  Port  Louis  Maurice. 

The  name  cassava  snould  be  applied  properly  only  to  the  purified 
starch  derived  from  the  roots  of  the  plant.  The  plant  is  known 
under  the  botanical  names  Janipha  manihot,  Manihot  utiLissima^ 
Jatropha  manihot,  Manihot  aipi,  and  Jatropha  Laefflingii;  it  is  also 
callea  the  mandioc  plant.  The  fleshv  root  of  this  plant  yields  the 
greatest  portion  of  the  daily  food  of  the  natives  of  tropical  America, 
and  its  starch  is  known  in  this  country  under  the  name  of  tapioca. 
Manihot  is  a  woody  or  shrubby  plant  growing  from  fleshy  tuberous 
roots,  the  stems  being  smooth  and  the  leaves  generally  long-stalked. 
The  leaves  of  the  poisonous  variety  usually  have  seven  branches 

Ealmately  divided;  the  leaves  of  the  sweet  variety  are  usually  only 
ve  parted.     In  the  **  Treasury  of  Botany,"  page  718,  the  following 
remarks  are  made  concerning  these  two  varieties: 

It  is  quite  clear  that  while  the  root  of  one  is  bitter  and  a  virulent  poison,  that  of 
the  other  is  sweet  and  wholesome,  and  is  commonly  eaten  cooked  as  a  vegetable. 
Both  of  them,  especially  the  bitter,  are  most  extensively  cultivated  over  the  greater 
part  of  tropical  America,  and  yield  an  abundance  of  wholesome  and  nutritious  food; 
the  poison  of  the  bitter  kind  being  got  rid  of  during  the  process  of  preparation  it 
undergoes.  The  poisonous  expressed  juice,  if  allowed  to  settle,  deposits  a  large 
quantity  of  stai'ch  known  as  Brazilian  arrow-root  or  tapioca  meal,  from  which  the 
tapioca  of  the  shops  is  prepared  by  simply  torrefying  the  moist  starch  upon  hot 
plates,  the  heat  causing  tne  starch  grapis  to  swell  and  burst  and  become  agglutinated 
together.  A  sauce  called  cassareep,  used  for  flavoring  soups  and  other  dishes,  par- 
ticularly the  West  Indian  dish  known  as  pepper-pot,  is  also  prepared  from  this  juice 
by  concentrating  and  rendering  it  harmless  by  boiling.  Another  of  the  products  of 
cassava  is  an  intoxicating  beverage  called  pitvarriey  but  the  manner  of  preparing 
it  is  not  calculated  to  render  it  tempting  to  Europeans.  It  is  made  by  the  women 
who  chew  cassava  cakes  and  throw  the  masticated  materials  into  a  wooden  bowl 
where  it  is  allowed  to  ferment  for  some  days,  and  then  boiled.  It  is  said  to  have 
an  agreeable  taste. 

From  the  above  analyses  of  cassava  root,  descriptions  of  its  uses, 
and  the  amount  of  it  that  can  be  produced  per  acre,  it  is  evident  that 
it  is  destined  to  become  a  valuable  agricultural  product  of  the  sub- 
tropical portions  of  our  country. 
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LARD  AND  ITS  ADULTERATIONS. 

Lard  Ifl  a  term  applied  to  the  fat  of  the  slaughtered  hog  separated 
from  the  other  tissues  of  the  animal  by  the  aid  of  heat. 

In  the  crude  state  it  is  composed  chiefly  of  the  glycerides  of  the 
fatty  acids,  oleic  and  stearic  or  palmitic,  with  small  portions  of  the 
connective  tissues,  animal  j^elatme  and  other  albuminous  matters. 

Kinds  of  iard.— -According  to  the  parts  of  theifat  used  and  the 
methods  oi  rendering  it  lard  is  dividea  into  several  classes.  Accord- 
ing to  methods  of  rendering  lard  is  classed  as  kettle  and  steam. 
From  material  used  the  following  classification  may  be  made  i 

Neutral  lard. — Neutral  lard  is  composed  of  the  fats  derived  from 
the  leaf  of  the  slaughtered  animal,  taken  in  a  perfectlv  fresh  state. 
The  leaf  is  either  chilled  in  a  cold  atmosphere  or  treated  with  oold 
water  to  remove  the  animal  heat.     It  is  then  reduced  to  a  pulp  in  a 

frinder  and  passed  at  once  to  the  rendering  kettle.  The  fat  is  ren- 
ered  at  a  temperature  of  105°  to  120°  Fahr.  (40°  to  60°  C.)  ^  Only  a 
paii;  of  the  lara  is  separated  at  this  temperature  and  the  rest  is  sent  to 
other  rendering  tanks  to  be  made  into  another  kind  of  product.  The 
lard  obtained  as  above  is  washed  in  a  melted  state  with  water  contain- 
ing a  trace  of  sodium  carbonate,  sodium  chloride,  or  a  dilute  acid. 
The  lard  thus  formed  is  almost  neutral,  containing  not  to  exceed  .25 
per  cent,  free  acid ;  but  it  may  contain  a  considerable  quantity  of 
water  and  some  salt.  This  neutral  lard  is  used  almost  exclusively  for 
making  butterine  (oleomargarine). 
Leaf  lard. — The  residue  unrendered  in  the  above  process  is  sub- 

Jected  to  steam  heat  under  pressure  and  the  fat  thus  obtained  is  called 
eaf  lard.  FormerW  this  was  the  only  kind  of  lard  recognized  in  the 
Chica^  Board  of  Trade  and  was  then  made  out  of  the  whole  leaf. 

Choice  kettle-rendered  lard  ;^  cJwice  lard, — The  quantity  of  lard  re* 
quired  for  butterine  does  not  include  all  of  the  leaf  produced.  The 
remaining  portions  of  the  leaf,  together  with  the  fat  cut  from  the 
backs,  is  rendered  in  steam  jacketed  open  kettles  and  produces  a  choice 
variety  of  lard  known  as  "kettle  rendered."  Thenide  is  removed 
from  the  back  fat  before  rendering  and  botli  leaf  and  back  fat  are 
passed  through  a  pulping  machine  before  they  enter  the  kettle, 
uhoice  lard  is  thus  aennea  by  the  regulations  of  the  Chicago  Board 
of  Trade : 

*^  Choice  lard. — Choice  lard  to  be  made  from  leaf  and  trimmings 
only,  either  steam  or  kettle  rendered,  the  manner  of  rendering  to  be 
branded  on  each  tierce." 

Prime  steam  lard.—The  prime  steam  lard  of  commerce  is  made  as 
follows  :  The  whole  head  or  the  hog,  after  the  removal  of  the  jowl,  is 
used  for  rendering.  The  heads  are  placed  in  the  bottom  of  the  render- 
ing tank.  The  fat  is  pulled  off  of  the  small  intestines  and  also  placed 
in  the  tank.  Any  fat  tliat  may  be  attached  to  the  heart  of  the  ani- 
mal is  also  used,  in  hou.sos  where  kettle-rendered  lard  is  not  made  the 
back  fat  and  trimmings  are  also  used.  When  there  is  no  demand  for 
leaf  lard  tlie  leaf  also  is  put  into  the  rendering  tank  with  the  other  por- 
tions of  the  body  mentioned .  It  is  thus  seen  that  prime  steam  lard  may 
be  taken  to  represent  the  fat  of  the  whole  animal,  or  only  portions 
thereof.  The  quantity  of  fat  afforded  by  each  animal  varies  with 
the  market  to  which  the  meat  is  to  be  sent.  A  hog  trimmed  for  the 
domestic  nuirket  will  give  an  average  of  about  40  pounds,  while  from 
one  destined  for  the  English  market  only  about  20  pounds  of  lard 
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1^11  be  made.  Prime  steam  lard  is  thus  defined  by  the  Chicago  Boaord 
of  Trade  : 

"  Prime  Attain  lard, — Standard  prime  steam  lard  shall  be  (W)lely  the 
product  of  the  trimmings  and  otner  fat  parts  of  hogs^  rendered  in 
fcanks  by  the  direct  application  of  steam,  and  without  subsequent 
ohange  m  grain  or  character  by  the  use  of  agitators  or  other  ma^ 
5hinerj^»  except  as  such  change  may  unavoidably  come  from  trans* 
portation.  It  shall  have  proper  color,  flavor,  and  soundness  for 
Keeping,  and  no  material  whicn  has  been  salted  shall  be  included. 
The  name  and  location  of  the  renderer  and  the  grade  of  the  lard  shall 
be  plainly  branded  on  each  package  at  the  time  of  packing*" 

This  lard  is  passed  solely  on  inspection,  the  inspector  having  no 
authority  to  supervise  rendering  establishments  in  order  to  secure  a 

E roper  oonti'ol  of  the  kettles*  It  is  reported  on  authority  that  the 
u*ge  intestines,  after  proper  cleaning,  are  placed  in  the  rendering 
bauKs*  According  to  the  printed  regulations  any  part  of  the  hog 
containing  fat  could  be  legally  used. 

Since  much  uncertaintv  exists  in  regard  to  the  disposition  which 
is  made  of  the  guts  of  the  hog  I  have  had  the  subject  carefully  in- 
vestigated.    Following  are  the  results  of  the  study; 

Outs, — Definition  of  the  term  as  used  by  hog-packers  is:  Every* 
thing  inside  of  a  hog  except  tlio  lungs  and  heart,  or,  in  other  worde, 
fehe  abdominal  viscera  comDlete.  The  material  is  handled  as  fol- 
lows I 

When  tlie  hog  is  split  open  the  viscera  are  separated  by  cutting 
out  the  i^ortion  of  flesh  surrounding  the  anus  and  taking  a  strip  Con- 
taining the  external  urino-generative  organs.  The  whole  viscera 
are  thrown  on  a  table  and  divided  as  follows:  The  heart  is  thrown 
to  one  side  and  the  fatty  portion  trimmed  off  for  lard.  The  rest  goes 
Into  the  ott'al  tank  or  sausage.  The  lungs  and  liver  go  into  the  offal 
tank  or  sausage.  The  rectum  and  large  intestines  are  pulled  from 
the  intestinal  fat  and  peritoneum  and  along  with  the  aduering  flesh 
smd  genito-urinary  organs  sent  to  the  trimmer.  All  flesh  and  the 
Eibove-mentioned  organs  are  trimmed  off  and  the  intestine  proper  is 
Qsed  for  sausage  casing.  The  trimmings,  including  the  genito-uri- 
nary organs,  are  washed  and  dumped  into  the  lard  tank.  The  small 
Intestine  is  also  pulled  from  tlie  fatty  membrane  surrounding  it  and 
saved  for  sausage  casings.  The  remaining  material,  consisting  of 
the  peritoneum,  diaphragm,  stomacli,  and  adhering  membranes,  to- 
gether with  the  intestinal  fat.  constitute  the  "guts,"  which  are  seen 
undergoing  the  process  of  washing,  which  is  usually  conducted  in 
three  or  four  different  tanks.  As  the  •"guts"  pass  into  the  first  tank 
the  stomach  and  ])eritoneuin  are  split  open,  and  also  any  portions  of 
the  intestines  which  sometimes  adhere  to  the  peritoneum.  After 
receiving  a  rough  wash  they  are  passed  from  tank  to  tank  when, 
after  the  third  or  fourth  wash,  they  are  ready  for  the  rendering  tank. 
The  omentum  fat  is  cut  from  the  kidneys  and  the  kidneys,  with  a 
little  adhering  fat,  go  into  the  rendering  tank.  Spleen  and  pancreas 
1^  into  lard  tanks,  as  do  also  the  trachea,  vocal  coixls,  and  oesopha- 
gus. 

To  sum  n]>,  it  is  safe  to  say  that  everything  goee  into  lard,  or  rather 
the  lard  r.ink.  with  the  following  exceptions: 

(1)  The  intestines  proper,  which  are  saved  for  sausage  casings. 

J3)  The  liver  and  lungs. 

^8J  That  part  of  the  heart  free  from  fat. 
nave  been  told  that  in  killing  small  hogS|  and  also  when  there  ift 
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small  demand  for  sausage  casings,  it  is  frequently  the  practice  to 
split  the  intestines  so  as  to  save  expense  of  pulling  from  tne  fat*  and 
after  washing,  fat  and  all  go  into  tne  tank.  I  have  no  other  evidence 
except  that  I  have  often  seen  lard  with  a  distinctly  *' gutty  flavor," 
which  must  have  been  caused  by  this  or  some  similar  mode  of  hand- 
ling. Of  course  it  will  often  happen  that  the  intestines  break  off  and 
portions  adhere  to  the  enveloping  tissue,  and  consequently  get  into 
the  tank  after  washing. 

It  is  a  commercial  fact  that  sausage  casings  are  worth  more  than 
the  small  amount  of  adhering  fat,  and  consequently  packers  will 
save  them.  Small  hogs  produce  small  casings  difficult  to  pull,  and 
it  is  reasonable  to  believe  that  they  will  be  handled  in  the  simpler 
manner.  They  break  so  easily  they  are  hardly  worth  saving  sepa- 
rately. It  is  stated  by  lard  manufacturers  that  the  lard  ma&  from 
the  parts  of  the  intestines  mentioned  above  is  used  for  the  manu- 
f  actijre  of  lard  oil  and  soap,  and  does  not  enter  into  the  lard  of  com- 
merce. 

Butchers'  lard. — The  small  quantities  of  lard  made  by  butchers  is 
usually  '*  kettle  rendered,  "after  the  manner  practiced  by  small  farm- 
ers in  making  lard  for  home  consumption.  Often  the  scraps  are 
saved  up  for  a  considerable  length  of  time  by  the  butchers  before 
rendering,  and  this  is  likely  to  increase  the  free  acid  present.  This 
lard  is  also  frequently  dark  colored  and  contains  a  considerable  quan- 
tity of  glue.  In  New  York  this  lard  is  known  as  "New  York  City 
lard." 

Other  hog-fat  products, — There  are  many  other  hog-fat  products 
not  used  in  the  manufacture  of  lard  or  compound  lard  a  description 
of  which,  however,  may  prove  useful  here. 

White  grease, — This  grease  is  made  chiefly  from  hogs  which  die  in 
transit  by  being  smothered  or  frozen.  Formerly  it  was  also  made 
from  animals  dead  of  disease,  but  this  product  has  of  late  been  dimin- 
ished on  account  of  certain  State  laws  requiring  the  carcasses  of  hogs 
which  have  died  of  cholera  to  be  buried.  This  grease  is  made  from 
the  whole  animal  with  the  exception  of  the  intestines.  The  latter 
are  rendered  separately  and  make  **  brown  grease."  The  rendering 
is  done  in  closed  tanks  at  a  high  pressure.  The  residue  is  used  in 
the  manufacture  of  fertilizer.  White  and  brown  grease  are  used 
chiefly  in  the  manufacture  of  low-grade  lard  oils  and  soap. 

YeUotv  grease, — Yellow  grease  is  made  by  packers.  All  the  refuse 
materials  of  the  packing-houses  go  into  the  yellow-grease  tank,  to- 
gether with  any  hogs  which  may  die  on  the  packers' hands.  Yellow 
grease  is  intermediate  in  value  between  white  and  brown.  It  is  used 
for  the  same  purposes. 

Pigs' -foot  grease, — This  grease  is  obtained  chiefly  from  the  glue 
factories,  and  is  used  for  making  lard  oils  and  soap. 

Marines, — The  stearines  are  tne  more  solid  portions  of  the  animal 
fats  remaining  after  the  more  fluid  portions  have  been  removed  by 
pressure.  The  stearines  used  in  the  manufacture  of  compound  lard 
are  lard  stearine,  derived  from  lard,  and  oleo-stearine  derived  from  a 
certain  quality  of  beef  tallow. 

Lard  stearine. — The  lard  stearine  used  in  compound  lard  is  made 
as  follows: 

The  prime  steam  lard,  ifproperly  crystallized  and  of  the  right  tem- 
perature (from  45°  to  55°  Fahr. ,  winter,  55°  to  65°  summer)  is  sent  at 
once  to  the  presses.  If  not  properly  grained,  it  is  remelted  and  kejjt 
in  a  crystaluzing  room  at  50°  to  60  Fahr.  until  the  proper  grain  is 
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formed.  The  lard  is  then  wrapped  in  cakes  with  cloth,  each  cake  con- 
taining 10  to  20  pounds.  The  cakes  are  placed  in  a  large  press,  with 
suitable  septa  to  facilitate  the  egress  of  the  oil.  These  presses  are 
sometimes  40  to  50  feet  in  length,  and  when  first  filled  12  to  18  feet 
high.  The  pressure  is  applied  very  gradually  at  first  by  means  of  a 
lever  working  a  capstan  about  which  the  chain  is  wrapped  attached 
to  the  upper  movable  part  of  the  press. 

The  oil  expressed,  prime  or  extra  lard  oil,  is  used  for  illuminating 
and  lubricating  purposes.  The  resulting  stearine  is  used  for  making 
compound  lard  and  is  worth  more  than  the  lard  oil.  It  has  about  .6 
per  cent,  free  fatty  acid  (less  than  the  lard  oil)  and  crystallizes  in 
long  needles,  making  the  texture  tough. 

Oleo  stearine, — This  product  is  made  chiefly  from  the  caul  fat  of 
beeves.  This  fat  is  rendered  in  open  kettles  at  a  low  temperature. 
The  resulting  tallow  is  placed  in  cars  in  a  granulating  room  where  it 
is  allowed  to  remain  for  thirty-six  to  forty-eight  hours  at  a  tempera- 
ture 80°  to  90°  Fahr.  The  contents  of  the  cars  are  then  mixed  and  placed 
on  a  revolving  table  where  they  are  made  into  a  cake.  This  cake  is  then 
wrapped  with  strong  cotton  cloth  and  placed  in  a  strong  press  where  a 
gradual  pressure  at  90°  Fahr.,  becoming  very  strong  at  the  end,  is  ap- 
plied for  one  to  two  hours.  The  expressed  oil,  known  as  oleo  oil,  is 
used  in  the  manufacture  of  butterine.  The  stearine  is  removed  from 
the  press  as  white,  hard  cakes  and  is  used  for  adulterating  lard.  The 
oil  is  sometimes  filtered  with  a  small  percentage  of  fuller's  earth  to 
improve  its  color  and  brightness. 

mutton  tallow, — A  fine  article  of  mutton  tallow  is  also  sometimes 
used  in  lard,  but  the  objection  to  the  flavor  is  sufficient  to  limit  its 
use  to  a  small  amount. 

The  f ollo>ving  general  remarks  on  beef  fat  will  be  found  instruct- 
ive: 

Beef  fat, — Before  the  day  of  the  oleomargarine  industry,  all  fat 
rendered  from  the  tissues  of  cattle  was  known  commercially  as  tal- 
low. Since  then  differentiation  has  taken  place,  and  the  term  tallow 
no  longer  is  sufficient  to  designate  the  several  products  obtained  from 
the  rendered  fat  of  the  beef.  We  have  first  "butter  stock,"  which  is 
rendered  from  the  caul  fat  at  a  low  temperature,  and  from  which  is 
manufactured  by  means  of  pressure — 

(1^  Oleo  oil. 

(^)  Oleo  stearine  (beef  stearine). 

The  kidney  fat,  as  a  rule,  is  left  with  the  carcass  and  constitutes 
what  is  known  as  suet.  Marrow  stock,  as  its  name  implies,  is  ren- 
dered marrow  fat,  and  when  properly  prepared  is  almost  equal  to 
butter  stock  in  quality.  Tallow  is  made  from  the  trimmings  and  por- 
tions of  the  viscera.  Its  color  varies  from  white  to  yellow,  according 
to  the  portions  of  the  animal  which  have  been  used  and  the  care  with 
which  they  have  been  prepared  for  rendering,  and  the  temperature 
at  which  rendered.  When  freshly  and  carefully  rendered  tallow 
should  show  less  than  1.5  per  cent,  of  free  fatty  acid.  The  tallow  on 
the  market  will  show  anywhere  from  2  to  10  per  cent.  Its  flavor  va- 
ries, never  being  good  enough  for  lard. 

PROPERTIES  OF  PURE  LARD. 
PHYSICAL  PROPERTIES. 

Specific  gravity. — The  specific  gravity  of  a  pure  lard  varies  rapidly 
with  the  temperature.  It  is  not  convenient  to  take  the  specific 
gravity  of  a  lard  at  a  lower  temperature  than  35°  or  40°,  inasmuch  as 
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below  that  temperature  solidification  is  apt  to  begin.  The  speoifio 
gravity,  therefore,  is  usually  taken  at  35*"  or  •iO*'  or  at  the  tempe)?^^ 
tiire  of  boiling  water,  viz,  100°.  At  40°  the  B^cific  gravity  of  a  lard 
varies  from  .900  to  .904:.  At  100°  the  specific  gravity  is  found  to 
vary  between  the  num bers .  860  and .  865.  The  specific  gravity  of  pure 
lard  is  very  near  that  of  many  of  the  substances  used  in  adulterat- 
ing it,  but  is  distinctly  lower  than  that  of  cotton  oil,  and  is  of  very 
great  distinctive  value  in  analysis. 

Melting  poin<.— The  melting  point  of  a  pure  lard  is  a  physical 
characteristic  of  great  value.  Tne  melting  point  of  the  fat  of  the 
swine  varies  with  the  part  of  the  body  from  which  it  is  taken.  The 
fat  from  the  foot  of  the  swine  appears  to  have  the  lowest  melting 
point,  viz,  35.1°.  The  intestinal  fat  seems  to  have  the  highest,  viz, 
44®.  In  fat  derived  from  the  head  of  the  animal  the  melting  point 
is  found  to  be  36.5°,  while  the  kidney  fat  of  the  same  animal  snows 
a  melting  point  of  4^.5°.  In  steam  lards,  representing  the  lards 
passed  by  tne  Chicago  Board  of  Trade,  the  melting  point,  for  ten 
samples,  was  found  to  vary  between  29,8°  and  43,9''.  In  general  it 
may  be  said  that  the  melting  point  of  steam  lards  is  about  87^.  In 
pure  lards  derived  from  other  localities  the  melting  point  was  also 
tound  to  vary,  A  sample  of  lard  from  Deerfoot  Farm,  Soutiibor- 
ough,  Mass.,  was  found  to  have  a  melting  point  of  44.9°,  while  a 
pure  lard  from  Sperry  &  Barnes,  New  Haven,  Conn.^  melted  at  39''. 
While  the  melting  point  can  not  be  taken  as  a  certain  indication  of 
the  purity  of  a  lard,  nevertheless  a  wide  variation  from  40°  in  the 
meltmg  point  of  a  lard  should  lead  at  least  to  a  suspicion  of  its 

fenuineness,  or  that  it  was  made  from  a  special  part  of  the  animal, 
'erhaps  one  reason  why  the  melting  point  has  not  been  more  highly 
regaraed  by  analysts  is  because  of  the  unsatisfactory  method  of 
determining  it;  but  when  it  is  ascertained  by  the  method  used  in 
these  investigations  it  becomes  a  characteristic  of  great  value. 

Color  reaction, — The  coloration  produced  on  pure  lard  by  certain 
reagents  serves  as  a  valuable  diagnostic  sign  in  the  analysis  of  lard 
and  its  adulterations.  Various  reapejxts  have  been  employed  for  the 
production  of  characteristic  colors  m  fats,  but  of  these  only  two  are 
of  essential  importance.  They  are  suli)huric  and  nitric  acids.  Pure 
lard,  when  mixed  with  sulphuric  and  nitric  acids  of  the  proper  dens- 
ity, as  indicated  hereafter,  gives  only  a  slight  color  which  varies 
from  light  pink  to  jfaint  brown.  The  variation  produced  in  the  color 
by  pure  lards  is  doubtless  due  to  the  presence  in  various  quantities 
of  certain  tissues  of  the  animal  other  than  fat.  For  instance,  a  vari- 
ation in  the  amount  of  gelatinous  substance  mechanically  entangled 
with  the  lard  or  of  the  tissues  composing  the  cells  in  which  the  lard 
was  originally  contained  would  be  entirely  sufficient  to  account  for 
the  slight  diiterence  in  color  produced  by  lards  of  known  purity.  It 
might,  therefore,  be  diflicult  to  distinguish  accurately  oetween  a 
pure  lard  containing  a  c(.)nsideral)le  amount  of  other  tissues  from  the 
animal  and  one  which  contained  a  small  amount  of  adulteration. 
The  coloration  i)roduced,  tlierefore,  by  the  acids  named  should  not 
be  relied  upon  wliollyin  distinguishing  pure  from  adulterated  lards; 
but  the  character  of  such  coloration  should  be  carefully  noted  in 
the  analyst's  book.  In  the  steam  lards  examined  some  of  the  re- 
marks describing  the  coloration  produced  are  as  follows: 

''  Trace  of  color,"  ^'  faint  pink,^'  '•  bright  pink,"  "  light  red,"  "yel- 
lowish," etc    For  pure  IqjVw  of  micellaneous  origin  some  of  the  de- 
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soriptions  are  as  follows:  ^'Brownish  -pink,"  "trace  of   yellow,-' 
**  marked  red  brown,"  ^^  no  color,"  "  slignt  coloration,"  etc. 

BefraoUve  index, — The  deviation  produced  in  the  direction  of  a 
xay  of  light  in  passing  through  a  film  of  melted  fat  is  also  a  valuable 
physical  characteristic.  This  deviation  is  usually  measured  as  the 
<luotient  of  tiie  sine  of  the  angle  of  incidence  by  the  sine  of  the  an» 
^le  of  refraction  and  is  known  as  the  refractive  index.  The.  refract* 
ive  index  of  pure  water,  at  26°  on  the  instrument  used  in  these  in- 
vestigations, was  1.3300.  The  refractive  index  of  the  samples  of  lard 
was  made  at  as  low '  a  temperature  as  possible  to  preserve  fluidity, 
viz,  between  30^^  and  86°.  The  rate  of  variation  xn  the  refractive 
index  for  each  degree  of  temperature,  experimentally  determined, 
for  lard  oil  was  .000288.  This  number  may  also  be  taken  to  repre- 
sent the  variation  for  lard!  The  refractive  index  varies  inversely 
a3  the  temperature.  The  mean  number  for  pure  lard  at  26^  is  about 
1,4620.  Tne  refractive  index  of  pure  lard  is  distinothr  less  than  that 
of  cotton  oil  at  the  same  temperature,  and  is  thererore  a  valuable 
characteristic  for  analytical  purposes. 

Rise  of  temperature  ivith  H,  SO^.— 'More  valuable  for  diagnostic  pur^* 
poses  than  the  physical  property  already  considered  is  the  rise  of 
temperature  which  lard  undergoes  when  mixed,  under  proper  con* 
ditions,  with  sulphuric  acid.  There  is  such  a  marked  difference  be- 
tween the  numbers  representing  the  rise  of  temperature  in  pure  lard 
and  those  of  the  adulterations  usually  employed  in  the  manufacture 
of  mixed  lard  as  to  give  this  number  a  high  analytical  value.  With 
steam  lards,  ten  samples,  the  extremes,  as  registered  by  the  ther^ 
mometer,  were  38. 8°  and  42. 1°.  For  pure  lards  of  miscellaneous  origin, 
one  from  Deerfoot  Farm,  Southborough,  Mass.,  gave  arise  of  tern*- 
perature  of  87.1°,  and  a  pure  leaf  lard  from  Sperry  &  Barnes,  New 
Haven,  Conn,,  a  rise  of  temperature  of  46.2°. 

The  value  of  this  characteristic  is  so  great  as  to  lead  me  to  expect 
approximately  reliable  quantitative  results  from  a  general  determi- 
nalion  of  the  actual  amount  of  heat  produced  in  an  appropriate  calo' 
rimeter,  I  am  at  present  attempting  to  devise  an  instrument  by 
which  the  actual  number  of  colorles  produced  by  mixing  definite 
quantities  of  fats  and  oils  and  sulphuric  acid  can  be  accurately  de* 
termined. 

Crystallization  pomt  of  fatty  acids. — The  method  described  in  the 
work  of  Dalican  for  determining  the  crystallizing  points  of  fatty 
acids  gives  valuable  data  concerning  the  nature  of  pure  lard  and 
also  of  the  relative  amount  of  stearic  and  oleic  acids  present  in  the 
mixture.  In  pure  lards  the  crystallizing  point  was  found  to  vary,  in 
the  ten  samples  of  steam  lard  already  mentioned,  from  35.4°  to  39»6'. 
In  pure  lards  the  variation  was  found  to  be  from  32.1''  to  48»7°, 

Melting  point  of  fatty  acids, — In  connection  with  the  crystallizing 
point  of  the  fatty  acids,  the  temperature  at  which  a  thin  disk  of  the 
same  becomes  a  perfect  sphere,  otherwise  known  as  the  melting 
point,  is  also  of  value.  This  temperature  has  been  determined  in 
the  fat  acids  derived  from  steam  and  pure  lards.  In  the  steam 
lards  these  numbers  vary  from  41.4°  to  43°.  In  pure  lards  the  V9r 
nation  was  from  3G.!)°  to  46,6°. 

CHKMICAL  PBOPERTIBS, 

Volatile  acids. — The  quantity  of  volatile  acia,  as  ordinarily  esti- 
mated in  pure  lard,  is  extremely  minute.     Unless  some  suspicion_of 
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adulteration  is  awakened  the  search  for  such  volatile  or  soluble  acid 
may  be  omitted.  Measured  in  a  quantity  of  deci-normal  alkali  solu- 
tion for  5  grams  of  the  fat  the  mean  quantity  of  volatile  acid  in  a 
pure  lard  may  vary  from  .2  to  .4  of  a  cubic  centimeter.  The  de- 
termination, therefore,  of  the  volatile  acid  in  the  examinations  of 
lards  has  none  of  that  high  diagnostic  value  which  attaches  to  it  for 
the  examination  of  butters. 

Saponification  equivalent — The  amount  of  caustic  alkali  necessary 
to  saponif  jr  the  fatty  acids  of  the  common  glycerides  is  known  as  its 
sai)onification  equivalent  or  number.  The  operation  is  usually  known 
as  Koettstoffer's  process.  The  number  of  parts  of  aglyceride  sapon- 
ified by  one  molecule  of  alkali  is  represented  by  one-third  oi  the 
molecular  weight  of  the  glyceride  in  question.  The  saponification 
equivalent,  therefore,  represents  the  number  of  grams  of  au  oil  or 
fat  saponified  by  one  equivalent  in  grams  of  an  alkali.  The  per- 
centage of  caustic  potash  used  for  saponifying  a  lard  is  about  20 
and  the  mean  saponification  equivalent  about  285. 

In  the  steam  lards  examined  by  us,  leaving  out  one  result  of  doubt- 
ful accuracy,  the  extreme  variations  were  276.14  and  290.05,  and  the 
mean  283.45.  In  pure  lards  the  extremes  were  272.64  and  294.14,  and 
the  mean  280.33. 

Iodine  number. — The  quantity  of  iodine  absorbed  by  an  oil  or  fat 
afifords  one  of  the  most  valuable  indications  of  its  constitution.  The 
glycerides  of  the  oleine  series  have  the  property  of  absorbing  the 
halogens.  On  the  other  hand  the  glycerides  of  the  palmitic  or  stearic 
series  do  not  absorb  iodine.  Hence  in  a  fat  or  oil  from  which  the 
presence  of  linoleine  and  its  analogous  body  can  be  excluded  the 
quantity  of  iodine  absorbed  may  become  a  fairly  accurate  measure 
of  the  amount  of  oleic  acid  present.  The  lard  derived  from  different 
portions  of  the  swine  varies  largely  in  the  amount  of  oleine  contained 
therein.  For  instance,  a  sample  of  intestinal  lard  absorbed  57.34  per 
cent,  of  iodine;  the  leaf  lard  from  the  same  animal  absorbed  52.55 
per  cent.;  the  foot  lard,  77.28  per  cent.;  the  head  lard,  85.03  per 
cent.  In  the  steam  lards  mentioned  the  variation  in  the  percentage 
of  iodine  absorbed  was  from  60.34  to  66.47  per  cent.,  and  the  mean 
62.86  per  cent.  In  pure  lards  the  mean  was  62.45  per  cent.  Thus 
in  lards  of  known  purity  the  amount  of  iodine  absor  bed  will  indicate 
the  probable  part  of  the  animal  from  which  the  fat  in  the  lard  was 
derived.  The  wide  variation  between  the  iodine  numbers  of  pure 
lard  and  those  of  the  adulterants  used  in  making  refined  lard  serves 
to  "render  this  number  of  the  greatest  importance  in  analytical  work. 
The  reaction  with  nitrate  of  silver. — Pure  lards  treated  with  a  solu- 
tion of  nitrate  of  silver  after  the  method  of  Bechi,  or  the  fatty  acids 
thereof  after  the  method  of  Milliau,  give  no  reduction  of  metallic  sil- 
ver, or  at  most  only  a  trace  or  slight  coloration.  This  fact  is  of  the 
utmost  importance  in  the  analysis  of  lard. 

Microscopical  appearances. — Lard  examined  with  the  microscope 
shows  a  definite  crystalline  structure  but  does  not  plainly  reveal  the 
character  of  the  crystals.  When  lard  is  slowlj'-  crystallized  from  a 
mixture  of  ether,  beautiful  rhombic  crystals  of  stearine  are  obtained 
which  are  easily  distinguished  from  the  groups  of  fan-shaped  crystals 
given  by  beef  or  mutton  fat  under  similar  conditions. 

Moisture  in  lard. — The  quantity  of  water  in  pure  lard  varies  from 
a  mere  trace  to  .2  per  cent. 
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PROPERTIES  OF  LARD  ADULTERANTS. 
COTTONSEED  OIL— PHYSICAL  PROPERTIES. 

Specific  gravity, — Cottonseed  oil  being  liquid  at  ordinary  temper- 
atures its  specific  gravity  can  be  easily  taken  at  the  temperature  of 
the  room.  For  purposes  of  comparison  the  rate  of  variation  in  the 
specific  gravity  of  the  oil  can  be  determined,  and  its  specific  gravity 
at  any  given  temperature  calculated:  or  its  specific  gravity  can  be 
directly  determined  at  35°,  40°,  or  100°,  as  may  be  desired.  In  the  sam- 
ples examined  the  speci^c  gravities  of  the  oils  at  35°  vary  from  .9132 
to  .9154.  The  mean  for  nineteen  samples  is  .9142.  These  numbers 
show  the  relative  weight  of  the  oil  ana  equal  volumes  of  water  at  the 
same  temperature,  the  weight  of  water  being  taken  as  unity. 

MeUina  point, — Since  cotton  oil  solidifies  only  at  a  temperature 
near  or  oelow  the  freezing  point  of  water  its  melting  point  has  not 
been  determined. 

Color  reaction, — The  color  produced  in  cotton  oil  by  sulphuric 
and  nitric  acids  is  a  characteristic  mark  of  the  greatest  value.  This 
color  varies  from  deep  reddish  brown  to  an  almost  black  color.  Some 
of  the  descriptions  of  the  color  produced  in  cotton  oil,  taken  from  the 
note-book,  are  as  follows :  * 'Dark  brown,"  ''very  brown  black,"  "deep 
red  brown,"  *'very  red,"  "yellow  brown,"  etc.  It  must  not  be  for- 
gotten, however,  that  these  colors  can  bo  produced  by  other  oils,  and 
hence  their  occurrei>ce  is  not  conclusive  of  the  presence  of  cotton  oil. 

Refractive  index, — The  refractive  index  of  cotton  oil  is  distinctly 
higher  than  that  of  lard.  The  variation  in  the  index  of  refraction 
is  inversely  as  the  temperature.  The  mean  rate  of  variation  for 
each  degree  is  .000288.  For  a  temperature  of  25°  the  mean  refractive 
index  oi  the  samples  examined  was  1.4074.  The  rate  of  variation  in 
the  index  of  refraction  in  cotton  oil  is  sensibly  the  same  as  that  for 
lard. 

Rise  of  temperature  ivith  sulphuric  acid, — The  rise  of  temperature 
which  cotton  oil  suffers  when  mixed  with  suljjhuric  acid  is  a  very 
prominent  diagnostic  sign.  In  the  samples  examined,  the  lowest  incre- 
ment of  temperature  noted  was  80.4  and  the  highest  90.2°.  The 
mean  rise  of  temperature  was  85.4°.  Cotton  oil  therefore  gives  more 
than  double  the  increment  of  temperature  shown  by  pure  lard  under 
the  same  conditions. 

Crystallization  point  of  fatty  acids. — Since  cotton  oil  is  fluid  even 
at  low  temperatures  (viz,  0°),  the  determination  of  its  melting  point 
is  only  a  matter  of  scientific  interest.  The  point  at  which  its  free 
acids  crystallize  is,  however,  easily  determined*  according  to  the 
method  of  Dalican. 

The  mean  crystallizing  point  of  the  acids  examined  was  33.0°,  the 
minimum  was  30.5°,  the  maximum  was  35.2°. 

Melting  point  of  fatty  acids. — The  melting  point  of  the  free  acids 
of  cotton  oil  was  determined  both  in  capillary  tubes  and  by  observ- 
ing the  deportment  of  the  acid  on  the  bulb  of  a  delicate  tliermom- 
eter  protected  by  a  glass  flask.  The  two  sets  of  data  were  almost 
identical. 

The  mean  melting  point  of  the  acids  examined  was  39.3°,  the 
maximum  was  44.4°,  the  minimum  was  34.6°. 

CHEMICAL  PROPERTIES. 

Volatile  acids. — The  statements  made  in  regard  to  the  volatile 
acids  in  a  pure  lard  are  also  applicable  to  cottonseed  oil.    For  5  per 
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cent,  of  cotton  oil  the  quantity  of  y^^y  alkali  consumed  is  slightly 
greater  than  for  pure  lard  and  may  amount  to  as  much  as  .5  c.  c.  If 
cocoa  oil  is  present  the  number  will  be  much  higher.  Five  per  cent, 
of  pure  cocoa  oil  will  consume  from  7  to  8  cc  of  the  deci-normal 
alkali. 

Saponification  equivalent — In  the  samples  examined,  the  mean 
saponification  equivalent  was  283.8,  although  in  some  instances  quite 
a  diflference  was  noticed  from  this  figure. 

Iodine  number. — Cotton  oil  possesses  in  a  much  higher  degree  than 
lard  the  property  of  absorbing  iodine.  This  is  due  not  only  to  the 
large  percentage  of  oleic  acid  which  it  contains,  but  also  probably 
to  the  presence  of  a  small  amount  of  linoleic  acid  or  some  homologue 
thereof.  In  the  samples  examined,  in  no  case  did  the  iodine  number 
fall  below  100  and  in  one  instance  it  rose  to  116.97.  The  mean  iodine 
was  109.2. 

Reaction  with  nitrate  of  silver, — A  more  important  property  even 
than  its  power  of  absorbing  iodine  is  shown  by  cotton  oifin  ihe  re- 
duction of  silver  to  the  metallic  state  under  certain  conditions. 

The  test  may  be  applied,  as  already  indicated,  either  to  the  oil 
itself  or  to  the  fatty  acids  thereof.  The  silver  is  either  reduced  in 
the  form  of  a  metallic  mirror  deposited  on  the  sides  of  the  vessel  or 
in  minute  black  particles  which  give  a  brown  or  black  appearance  to 
the  liquid.     In  some  cases  the  liquid  shows  a  greenish  tint. 

Other  properties. — The  refined  cotton  oil  used  in  adulterating  lard 
has  a  pleasant  taste,  is  almost  odorless,  and  possesses  a  faint  yellow 
color.  Its  resemblance  to  olive  oil  is  so  marked  that  for  all  culinary 
purposes  it  forms  an  excellent  substitute  therefor.  Cotton  oil  pos- 
sesses slight  drying  qualities,  which  render  it  unfit  for  lubricating 
machinery.  It'^can  never  take,  therefore,  the  place  of  sweet  oil  for 
that  purpose. 

PREPARATION  OF   COTTON  OIL. 

The  cotton  seed  from  various  sources  is  put  through  a  screen  to 
take  out  the  bolls  and  coarse  material.  The  seed  is  then  put  through 
a  gin  to  remove  as  much  as  possible  any  remaining  lint,  of  which 
about  20  pounds  per  ton  of  seed  are  obtained. 

The  clean  seed  is  next  sent  to  a  huUer  composed  of  revolving  cylin- 
ders covered  with  knives  which  cut  up  both  seed  and  hull.  The  chips 
are  then  conveyed  to  the  screen  placed  on  a  vibrating  frame,  through 
which  the  kernels  fall.  The  hulls  are  carried  by  an  endless  belt  to 
the  furnaces  where  they  are  burned.  The  kernels  of  the  seed  are 
conveyed  to  crusher  rolls,  where  they  are  ground  to  a  fine  meal. 
The  meal  is  then  sent  to  a  heater  where  it  remains  from  twenty  to 
forty  minutes.  These  heaters  have  a  temperature  of  210^  to  216°. 
The  hot  meal  is  formed  into  cakes  by  machinery.  These  are  wrapped 
in  cloth  and  placed  in  the  press.  About  16  pounds  of  meal  are  put 
in  each  cake.  The  cakes  are  placed  in  a  hydraulic  press,  where  a 
pressure  of  from  3,000  to  4,000  pounds  per  square  inch  is  applied.  The 
press  is  also  kept  warm.  The  expressed  cake  contains  only  about  10 
per  cent,  of  oil.  The  cake  is  sold  as  cattle  food  or  for  fertilizing 
purposes.  The  crude  oil  as  thus  expressed  contains  l.o  per  cent,  of 
free  acid.  The  chief  cotton-seed  presses  of  the  country  are  located 
at  the  following  points: 

OOTTONSEED  OIL  JSXUUXiQ  ;^IirD|.< 

Arkansas — Little  Rock,  Argenta,  Fort  Smith,  Texitrkana,  Brink- 
ley,  and  Helena. 
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Alabama — Selma,  Mobile,  Montgomery,  Eufaula,  and  Huntsville. 

Georgia — Atlanta,  Augusta,  Albany,  Columbus,  Macon,  and 
Rome. 

Tennessee — Memphis,  Jackson,  Nashville,  and  Dyersburgh. 

Texas — Brenham,  Dallas,  Galveston,  Houston,  Palestine,  and 
Waco. 

Illinois — Cairo. 

Louisiana — New  Orleans,  Shreveport,  Baton  Rouge,  and  Monroe. 

Missouri — Saint  Louis. 

Mississippi — Clarksdale,  Columbus,  Canton,  Grenada,  Gi'eenvilte, 
Meridian,  Natchez,  Vicksburg,  and  West  Point. 

North  Carolina — Charlotte  and  Raleigh. 

South  Carolina — Columbia*  and  Greenville. 

The  oil  is  chiefly  pressed  in  winter,  since  it  is  difficult  to  keep  it 
for  summer  work;  some  mills  ar^,  however,  operated  during  the 
summer.  The  crude  oil  is  shipped  in  tanks  holding  from  36,000  to 
45,000  pounds  each.  When  the  oil  is  shij)ped  north  in  winter  it 
usually  becomes  solidified.  In  order  to  get  it  out  of  the  tanks  they 
are  placed  on  switches  and  a  jet  of  steam  is  introduced  into  the  tank 
and  the  oil  gradually  melted  out.  Another  method  consists  in  gov- 
ering  the  tank  with  wood,  forming  a  chamber,  into  which  exhausted 
steam  is  introduced.  Gutters  are  provided  along  the  railroad  tracks 
into  which  the  oil  flows,  and  is  conducted  into  the  receiving  tanks. 
From  the  receiving  tanks  it  is  pumped  into  large  receivers  called 
scale  tanks,  where  the  crude  oil  is  weighed. 

Refining  process, — After  weighing  the  oil  is  pumped  into  refin- 
ing kettles.  These  are  of  various  sizes,  the  largest  ones  being  20  to 
25  feet  deep  and  15  feet  in  diameter.  These  tanks  are  furnished  with 
steam  coils  for  the  purpose  of  heating  the  oil  and  with  appropriate 
machinery  for  keeping  it  in  motion.  A  solution  of  caustic  soda  is 
used  for  refining.  This  solution  is  made  from  10°  to  28°  Baum^  in 
strength  and  various  quantities  are  used  according  to  the  nature  of 
the  oil  operated  upon.  After  the  addition  of  the  caustic  soda  the 
mixture  is  agitated  for  forty-five  minutes  and  kept  at  a  temperature 
of  100°  t«  110"F.  The  contents  of  the  tank  are  then  allowed  to  stand 
six  to  thirtv-six  hours  when  the  solid  matters,  soap,  and  substances 
precij)itated  by  the  caustic  akali  gather  at  the  bottom.  This  mixt- 
ure is  c-alled  foots  and  is  used  lor  making  soap.  The  yellow  oil 
resulting  by  this  process  is  purified  bv  being  heated  and  allowed  to 
settle  again  or  by  filtration  and  is  called  summer  yellow  oil.  Win- 
ter yellow  oil  is  made  from  the  above  material  by,  chilling  it  until  it 
partially  crystallizes  and  separating  the  stearine  formed,  about  26  per 
cent.,  in  presses  similar  to  those  used  for  lard.  This  cotton-oil 
stearine  is  used  for  making  butterine  or  soap. 

White  oil. — The  yellow  oil  obtained  as  above  is  treated  with  from 
2  to  3  per  cent,  of  fuller's  earth  in  a  tank  furnished  with  apparatus 
for  koepiiii^  the  mixture  in  motion.  When  the  fuller's  earth  has 
been  thus  thoroughly  mixed  with  the  oil  the  whole  is  sent  to  the 
filter  prc^^s.  Tlio  fuller's  earth  has  the  property  of  absorbing  or  hold- 
ing back  the  yellow  coloring  matter  so  that  the  oil  which  issues  from 
the  press  is  almost  white.  This  white  oil  is  the  one  which  is  chiefly 
used  for  making  compound  lard. 

SteariiK  s. — The  stearines  used  in  the  adulteration  of  lard  are  de- 
rived chiefiy  from  lard,  tallow  (suet),  and  cotton  oil.  These  are  gen- 
erally called  oleo  stearine,  lard  stearine,  and  wtton-oil  stearine,  re- 
spectively. 
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PHYSICAX.  PROPERTIES. 

Snecific  gravity, — The  specific  gravity  of  stearines  may  be  taken 
in  tneir  solid  state  or  in  a  liquid  state  at  a  high  temperature,  best  at 
100°.    The  numbers  are  slightly  lower  than  those  for  lard. 

Melting  point, — The  melting  i)oints  of  the  stearines  are  higher  than 
the  natural  glycerides  from  which  they  are  derived.  A  prime  oleo 
stearine  from  Armour  &  Co.,  Chicago,  showed  a  melting  point  of 
51.9°.  A  prime  lard  stearine  from  the  same  firm  showed  a  melting 
point  of  44.3°,  which  is  only  slightly  higher  than  the  mean  melting 
point  of  pure  lards.  The  lowest  melting  point  of  any  stearine  exam- 
ined was  a  sample  of  dead-hog  stearine  trom  J.  P.  Squire,  Boston, 
which  was  38.2  .  The  highest  observed  melting  point  in  the  stea- 
rines examined  was  an  oleo  stearine  from  N.  K.  Fairbank  &  Co., 
Chicago,  showing  53.8°.  The  high  melting  point  of  the  stearines 
is  a  characteristic  of  great  value' in  the  adulteration  of  lard,  since  it 
serves  to  counteract  tne  influence  of  the  cotton  oil,  which  of  course 
tends  to  lower  the  melting  point  of  any  lard  mixture  into  which  it 
may  enter.  The  influence  of  the  various  constituents,  however,  on 
the  melting  point  does  not  seem  to  be  proportional  to  the  respective 
quantity  of  each  therein.  For  instance,  a  mixture  of  25  per  cent,  of 
cotton  oil  having  a  melting  point  about  zero,  with  25  per  cent,  of 
an  oleo  stearine  having  a  melting  point  of  only  about  12°  above  the 
normal  for  pure  lard,  with  50  per  cent,  of  pure  lard  of  normal  melt- 
ing point,  might  not  show  a  lowering  of  the  melting  point  at  all  pro- 
?ortional  to  tne  presumable  influence  of  the  cottonseed  oil  present, 
'he  cotton-oil  stearine,  as  might  be  expected,  has  a  melting  point 
very  much  below  that  of  the  similar  products  derived  from  lara  and 
tallow. 

Color  reaction, — The  color  reactions  produced  in  the  stearines  by 
sulphuric  and  nitric  acids  are  much  the  same  as  those  produced  in 
the  original  glycerides  from  which  they  were  derived.  Cotton-oil 
stearine  shows  a  less  intense  color  perhaps  than  the  original  oil; 
while  in  the  case  of  tallow  and  lard  stearines  the  coloration  is  not 
marked  enough  to  be  susceptible  of  description. 

•Refractive  mdexc, — The  refractive  index  of  the  stearines  is  sensibly 
lower  than  that  of  the  original  glycerides.  The  refractive  index  of 
a  prime  lard  stearine  from  Fairbank  &  Co.  was  found  to  be  1.4555  at 
29.9°;  of  a  white  cotton-oil  stearine  from  a  Southern  cottonseed  oil 
company  the  refractive  index  was  1.4645  at  29.8°. 

Rise  of  temperature  tvith  sulphxiric  acid, — With  the  lard  and  tallow 
stearines  no  degree  of  comparison  can  be  made  in  the  rise  of  tem- 
perature with  that  produced  in  the  original  glycerides,  on  account  of 
the  high  initial  temperature  which  is  necessary  for  the  conduct  of 
the  experiment.  Allowing  for  the  difference  in  initial  temperature, 
however,  the  stearines  deport  themselves  very  much  as  the  glycerides 
from  which  they  are  derived. 

CHEMICAL  PROPERTIES. 

Volatile  acids, — The  amount  of  volatile  acids  in  the  stearines  men- 
tioned is  so  small  as  to  be  negligible. 

Saponification  equivalent, — Tne  numbers  are  essentially  the  same 
as  those  of  the  original  glycerides. 

Iodine  number, — The  percentage  of  iodine  •a^bsorbed  by  the  stear- 
ines is,  as  is  to  be  expected  from  the  fact  that  they  contain  less  trio- 
lein, markedly  less  tnan  that  of  the  original  glycerides.    The  fact 
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that  the  stearines  possess  that  property  in  this  diminished  degree  is  of 
quite  as  much  importance  from  an  analytical  point  of  view  as  their 
high  melting  point.  Thus  the  mixture  of  a  stearine  with  a  low  iodine 
number  with  cotton  oil  of  a  high  iodine  number  shows  a  percentage 
of  iodine  absorption  not  markedly  different  from  that  of  pure  lard. 
One  prime  oleo  stearine  examined  showed  an  iodine  absorption  of 
only  17.38  per  cent.  Another  oleo  stearine  showed  26.81  per  cent. 
The  lard  stearines  showed  higher  numbers,  viz,  in  two  cases  44. 24  per 
cent,  and  49. 78  per  cent.  The  cotton-oil  stearines  showed  iodine  num- 
bers varying  from  85.28  per  cent,  to  99.39  per  cent. 

Reaction  with  nitrate  of  silver, — The  stearines  react  with  nitrate  of 
silver  in  a  manner  entirely  comparable  with  that  of  their  original 
glycerides. 

Microscopical  appearances, — Stearine  derived  from  beef  or  mut- 
ton tallow  shows  under  the  microscope  the  characteristic  fan-shaped 
crystals  already  noticed.  Lard  stearine  on  the  other  hand  gives  crys- 
talline groups  similar  to  those  already  mentioned  in  the  case  of  lard. 

Moisture, — Properly  prepared  stearine  contains  only  a  trace  of 
moisture. 

Other  adulterants  of  lard, — It  has  been  claimed  that  other  sub- 
stances than  those  mentioned  have  been  used  in  the  adulteration  of 
lard,  but  these  claims  seem  to  rest  on  no  valid  foundation.  Among 
these  substances  dead-hog  grease  or  dead-hog  stearine  is  the  one  moiS 
frequently  mentioned.  The  term  dead-hog  grease  is  used  to  indicate 
the  oil  or  lard  obtained  from  animals  which  die  of  disease  or  are 
smothered  in  transportation  or  die  on  the  way  to  the  slaughtering 
houses.  The  fat  of  animals  very  recently  dead,  unless  death  takes  place 
from  disease,  and  taken  before  any  decomposition  sets  in  has  chem- 
ically the  same  characteristics  as  that  derived  from  animals  slaugh- 
tered. If,  however,  the  animals  have  been  dead  some  time  before 
rendering  a  considerable  decomposition  of  the  glycerides  takes  place 
and  the  amount  of  free  acid  in  the  fat  is  thus  largely  increased,  ouch 
fat  also  shows  a  distinctly  unpleasant  odor  by  wnicn  it  can  readily  be 
distinguished  from  genuine  lard.  Peanut  oil  and  some  other  vegetable 
oils  have  also  been  mentioned  as  adulterants  of  lard.  While  it  may  be 
true  that  many  attempts  have  been  made  to  use  the  above  substances 
in  the  adulteration  of  lard  on  a  small  scale,  it  is  also  quite  true  that 
such  attempts  have  never  attained  any  importance  from  a  commer- 
cial point  of  view. 

Mixing, — The  term  **  refined  lard  "  has  long  been  used  to  designate 
a  lard  composed  largely  of  cotton  oil  and  stearine.  The  largest  man- 
ufacturers of  this  kind  of  lard  have  now  abandoned  this  term  and 
are  using  the  label  *'lard  compound"  instead.  This  is  but  just  to 
the  consumers  of  this  article  who  are  likely  to  be  misled  by  the  term 
"refilled  lard."  The  prime  steam  lard  in  a  state  of  fusion,  the  stear- 
ine, also  in  a  liquid  condition,  and  the  cotton  oil  are  measured  in  the 
proportions  to  be  used  and  placed  in  a  tank  at  a  temperature  of  120° 
to  1G0°  Falir.  In  this  tank  the  ingredients  are  thoroughly  mixed  by 
means  of  paddles  operated  by  machinery.  After  mixing  the  com- 
pound lara  passes  at  once  to  artificial  coolers  where  it  is  chilled  as 
SQon  as  possible;  it  is  thence  directly  run  into  small  tin  cans  or  large 
packages  and  prepared  for  market. 

PKOPBRTIJIS  OP  ADUJ,TERATEI>  LARDS. 

In  external  appearance  to  an  unskilled  person  adulterated  lards  are 
not  appreciably  aiff erent  from  the  pure  article.    An  export,  however. 
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is  generally  able  to  tell  by  taste,  odor,  and  grain  a  mixed  lard  from 
a  pure  one.  There  is  usually  enough  lard  in  the  adulterated  article 
to  give  to  it  the  taste  and  odor  of  a  genuine  one.  Mixtures  of 
fat,  however,  have  been  made,  and  perhaps  sold  as  lard,  which  con- 
tained no  hog  grease  whatever.  In  the  following  descriptions  an 
endeavor  has  been  made  to  give  the  chief  characteristics  of  an  adul- 
terated lard  on  the  same  nlan  as  the  descriptions  of  pure  lard  and 
the  adulterants  thereof  which  precede. 

PHYSICAL  1*R0PERTIE8. 

Specific  gravity. — But  little  stresa  can  be  laid  upon  the  numbers 
representing  the  specific  gravity  of  adulterated  lards,  since  the  ma- 
terials of  which  they  are  composed  have  nearly  the  same  specific 
gravity  as  the  pure  article.  Tne  addition  of  cotton  oil,  however, 
raises  the  specinc  gravity,  and  when  this  substance  is  present  in  quan- 
tities above  15  per  cent,  its  influence  on  the  specific  gravity  of  the 
sample  is  marked.  At  36""  the  specific  gravity  of  adulterated  lards 
varies  from  .900  to  .910. 

Melting  point, — The  melting  point  of  the  adulterated  lards  is  in 
some  cases  slightly  lower  than  that  of  pure  lards.  This  arises  from 
the  fact,  whicjii  has  already  been  noticed,  of  the  low  melting  point 
of  the  cotton  oil,  which  is  one  of  the  principal  adulterants  used. 
The  numbers  representing  the  melting  points  of  adulterated  lards, 
emphasize  the  fact,  which  has  already  been  noted,  that  the  lowering 
of  the  melting  point  is  not  theoretically  proportional  to  the  contents 
of  cottonseed  oil  found  in  the  adulteratea  lards  of  commerce.  In  a 
number  of  samples  of  lards  containing  cottonseed  oil  from  Fairbank 
&  Co.  the  lowest  melting  point  wq-s  31.3°  and  the  highest  41.9°.  In 
the  series  of  samples  from  Armour  &  Co.  the  lowest  melting  point 
noticed  was  38. 9""  and  the  highest  43°3°.  The  melting  point  of  the 
Armour  samples  approaches  much  nearer  that  of  pure  lard  than 
those  received  from  Fairbank  &  Co.  Although  the  melting  point  is 
not  of  itself  a  property  of  very  great  importance  from  an  analytical 
point  of  view,  yet  its  determination  should  never  be  neglected  in  a 
comprehensive  analytical  examination. 

ColoT  redction. — The  amount  of  coloration  shown  by  an  adulterated 
lard,  when  treated  with  sulphuric  or  nitric  acid,  depends  upon  the 
percentage  of  cotton  oil  which  it  contains,  since  from  a  commercial 
point  of  view  the  introduction  of  a  small  amount  of  cotton  oil  would 
not  prove  profitable.  We  find  in  the  adulterated  lards  of  commerce,  as 
a  general  rule,  strong  color  reactions.  It  might  be  possible,  however, 
to  mix  with  a  pure  lard  so  small  a  quantity  of  cotton  oil  as  to  render 
doubtful  to  the  analyst  the  character  of  the  color  reaction  produced. 
Some  of  the  colors  produced  in  the  adulterated  lards  examined,  as 
copied  from  the  note*books,  are  as  follows:  '*  Light  brown,"  **pink 
red  brown,"  "  light  yellow  red,"  ^'  light  pink,"  "  deep  brown,"  **  red," 
**deeT)  red  brown."  etc.  The  appearance  of  a  pinkish  tint  is  often 
found  in  adulterated  lards  containing  a  notable  portion  of  beef-fat 
stearine,  althougli  this  coloration  is  not  considered  a  cei'tain  indica- 
tion of  the  presence  of  this  substance. 

Refract ive  imlex, — The  refractive  index  of  the  mixed  lards  natu- 
rally varies  with  the  proj)ortion  of  cottonseed  oil  which  may  be  pres- 
ent. The  greater  the  quantity  of  cottonseed  oil  the  higher  the  re- 
fractive index.  The  refractive  index  of  the  Armour  mixed  lards  is 
decidedly  lower  than  that  of  the  Fairbank  samples.  The  following 
is  the  number  representing  the  mean  refractive  index  of  the  Ar- 
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mour  samples  at  25°,  viz,  1.4634.  The  number  representing  the 
mean  refractive  index  of  the  Fairbank  samples  is  1.4661.  The  re- 
fractive index  is  a  much  more  important  property  in  the  sorting  of 
lards  than  the  melting  point,  or  perhaps  even  than  the  specific 
gravity. 

Rise  of  temperature  with  sulphuric  acid. — As  is  to  be  expected  we 
find  here  also  the  i>  reatest  variations  depending  on  the  nature  and  the 
quantity  of  the  adulterfints  present.  The  presence  of  tallow  stearine 
tends  to  diminish  the  rise  of  temperature  with  sulphuric  acid,  while 
cottonseed  oil  has  the  opposite  effect.  As  the  relative  proportion 
of  these  two  ingredients  and  also  the  amount  of  pure  lard  varies  we 
may  expect  corresponding  variation  in  the  temperature  shown  on 
mixing  the  lard  with  sulphuric  acid.  In  the  samples  of  Armour's 
lards  examined  the  highest  rise  of  temperature  noticed  was  68.9°  and 
the  lowest  42.1**.  This  latter  number  is  almost  identical  with  that 
furnished  witltpure  lards.  In  Fairbank's  lards  the  least  rise  of  tem- 
perature noticed  was  51.3°  and  the  greatest  68.8°.  These  numbers 
show  a  larger  proportion  of  cotton  oil  in  the  Fairbank  than  in  the 
Armour  samples.  This  rise  of  temperature  as  a  diagnostic  sign  is 
valuable  and  its  determination  should  never  be  omitted. 

CHEMICAL  PROPERTIES. 

Volatile  acids, — The  remark  which  has  been  made  in  regard  to  the 
volatile  acids  of  pure  lards  and  their  adulterants  is  also  applicable 
for  mixed  lards.  The  amount  is  so  minute  as  to  be  of  no  value  from 
an  analytical  point  of  view. 

Saponification  equivalent — The  numbers  representing  the  saponi- 
fication equivalent  do  not  afford  any  particular  indication  of  the  Kind 
of  adulteration  used.  In  the  samples  of  Fairbank  mixed  lards  ex- 
amined, the  mean  saponification  equivalent  found  was  279.4.  In  the 
Armour  samples  it  was  275. 

Iodine  number » — The  amount  of  iodine  absorbed  by  a  mixed  lard 
gives  a  valuable  indication  of  the  kind  of  the  ingredients  which  have 
been  added  to  it.  It  has  already  been  seen  that  the  stearines,  espe- 
cially those  derived  from  tallow,  have  a  very  low  iodine  number, 
while  cottonseed  oil  has  a  very  high  one.  It  is  therefore  possible  to 
mix  these  two  substances  together  so  that  the  resulting  iodine  num- 
ber may  be  about  the  same  as  that  of  pure  lard,  viz,  60  {)er  cent.  In 
the  saiiiples  of  the  Armour  mixed  laras  examined  tne  mixture  seems 
to  have  been  made  in  about  the  proportion  indicated.  The  lowest 
iodine  number  observed  in  these  lards  was  64.11  per  cent.,  which  is 
decidedly  less  than  that  of  normal  pure  lard.  The  higliest  number 
observed  was  71. 19  per  cent.  The  otner  numbers  were  slightly  above 
those  obtained  for  pure  lard.  In  the  samples  of  mixed  laras  from 
Fairbank  &  Co.  the  iodine  numbers  are  much  higher.  The  lowest 
number  observed  was  78.24  and  the  highest  94.78  per  cent. 

Reaction  witli  nitrate  of  silver, — Mixed  lards  containing  cotton  oil 
show  a  reduction  of  metallic  silver  in  a  greater  or  less  degree  accord- 
ing to  the  proportion  of  cotton  oil  present.  In  every  case  where 
cotton  oil  was  known  to  be  present  in  a  mixed  lard  this  reaction  was 
noticed.  It  would  be  j^ossible,  however,  to  put  so  small  a  portion  of 
cotton  oil  into  a  lard  as  to  render  difflouit  the  positive  detection  of  it 
by  the  nitrate  of  silver  test. 

Micro  SCO})  ic  appearances, — The  mixed  lards  show  in  the  field  of 
vision  of  the  microscope  distinct  tufted  crystals  of  the  stearines 
which  have  been  used  as  adulterants.     The  rhombic  crystals  of  pure 
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lard  are  also  often  noticed  in  this  field.     The  microscope  is  a  most 
valuable  aid  in  detecting  lard  adulterations. 

Moisture  in  mixed  lards. — Mixed  lards  generally  contain  only  a 
trace  of  water.  In  one  instance,  however,  water  appears  to  have 
been  added  as  an  adulterant,  over  30  per  cent,  of  it  having  been  found. 
The  use  of  water  as  an  adulterant  of  lard,  however,  is  not  common. 

COMPAaiSON  OF  PROPERTIES  OF  LABDB  AND  A)MPOUND  lARDS. 

The  mean  results  of  the  analytical  data  are  as  follows: 
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STATISTICS  OF  THE  LABD  INDUSTRY. 

It  was  developed  in  the  investigations  before  the  Committees  on 
Agriculture  of  the  Senate  and  House  of  Representatives  that  the 
annual  production  of  lard  in  the  United  States  is  §00,000,000  pounds, 
of  whicn  about  half  is  pure  lard  and  the  other  half  pure  lard  mixed 
with  stearine  and  cotton  oil,  the  "  refined  "  or  compound  lard  of  com- 
merce. The  annual  exports  of  lard  are  about  320,000,000  pounds,  of 
which  about  40  per  cent,  were  compound  or  refined  lard.* 

According  to  the  figures  furnished  by  the  Bureau/ of  Statistics  the 
production  of  lard  from  1877  to  1887,  inclusive,  is  as  follows; 
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If  we  take  the  percentage  of  cotton  oil  in  the  compound  lard  at  40, 
the  total  weight  of  oil  used  in  manufacturing  mixed  lard  is  120,000,000 
pounds. 

In  addition  to  this  large  quantities  of  cotton  oil  are  used  for  salad 
dressing  and  cufinary  operations,  and  in  the  manufacture  of  a  sub- 
stitute for  lard  (cotolene)  which  contains  no  hog  grease  whatever. 

EXPERIMENTS  IN  THE  MANUFACTURE  OF  SUGAR. 

Assignment  of  tvork. — The  bill  making  an  appropriation  for  exper- 
iments in  the  manufacture  of  su^ar  did  not  become  a  law  until  the 
19th  of  July,  1888.  At  that  time  it  was  manifestly  impossible  for  the 
Department  to  make  any  arrangements  of  its  own  for  the  conduct  of 
experiments  during  the  present  manufacturing  season.  It  was  nec- 
essary, if  any  experiments  be  made  at  all,  that  they  should  be  arranged 
for  in  connection  with  work  already  in  progress,  either  bv  individ- 
uals, private  corporations,  or  State  experiment  stations.  Tne  follow- 
ing arrangements  were  therefore  made  for  the  experimental  work: 

(1)  A  continuation  of  the  experimental  work  at  Rio  Grande,  N.  J., 
nnder  the  direction  of  Mr.  H.  A.  Hughes. 

(2)  A  series  of  experiments  at  Kenner,  La.,  under  the  direction  of 
Prof.  W.  C.  Stubbs. 

(3)  Experimental  work  at  Douglass,  Kans.,  under  the  direction  of 
the  Douglass  Sugar  Company. 

(4)  Experimental  work  at  Conway  Springs,  Kans.,  under  the  direc- 
tion of  Mr.  E.  W.  Deming. 

(5)  Experiments  in  the  improvement  in  the  varieties  of  cane  at  Ster- 
ling, Kans.,  under  the  direction  of  Mr.  A.  A.  Denton. 

In  addition  to  the  above  work,  arrangements  were  made  for  ana- 
lytical researches  under  my  direction  at  Douglass,  Conway  Springs, 
and  Sterling,  Kans.  It  was  deemed  unadvisable,  at  the  late  date  men- 
tioned, for  the  Department  to  suggest  any  experimental  work  or  as- 
sume any  control  thereof.  Having  been  authorized  to  arrange  for 
such  work  in  a  manner  which  seemed  most  advantageous,  the  follow- 
ing directions  were  given :  The  work  at  Rio  Grande  was  placed  exclu- 
sively in  charge  of  Mr.  H.  A.  Hughes,  to  be  conducted  in  such  man- 
ner as  he  saw  fit  for  the  benefit  of  the  industry.  The  work  which  Mr. 
Hughes  proposed  to  do  was  on  a  small  scale,  with  the  ultimate  idea 
of  making  it  possible  for  farmers  and  others  to  manufacture  sugar 
without  the  expense  of  apparatus  usually  considered  necessary  for 
that  purpose.  The  results  of  Mr.  Hughes's  work  have  been  reported 
by  him  further  on,  and  a  discussion  of  them  will  be  given  in  con- 
nection with  his  report. 

Prof.  W.  C.  Stubbs  having  commenced  preparations  for  experi- 
mental work  with  sorghum  at  the  experiment  station  at  Kenner,  he 
was  authorized  to  complete  this  work  under  the  auspices  of  the  De- 
partment. No  instructions  in  regard  to  the  method  of  performing 
the  work  were  sent  to  Professor  Stubbs  except  to  do  that  wmch  seemed 
best  for  the  promotion  of  the  industry,  ms  report  of  tiie  results  of 
the  work  and  the  discussion  thereof  will  follow. 

The  experimental  work  at  Douglass,  Kans.,  was  placed  under  the 
control  of  the  Douglass  Sugar  Company.  Its  object  was  to  test  thor- 
oughly the  method  of  open  diffusion  practiced  on  a  small  scale  by 
Mr.  Hughes  at  Rio  Grande,  and  they  conducted  the  work  under  the 
general  instructions  to  give  that  system  of  difiEusion  and  the  appa- 
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ratus  a  thorough  and  impartial  test.  The  general  results  of  the  ex- 
perimental work  at  the  station  are  given  in  the  report  of  Mr.  Edddn, 
with  a  discussion  of  the  data  there  recorded. 

The  experimental  work  at  Conway  Springe  coni^sted  in  the  trial 
of  a  new  system  of  preparing  the  exhausted  chips  for  fuel,  and  certain 
new  arrangements  of  apparatus  connected  witn  the  diffusion  battery 
and  of  a  new  system  of.  Handling  and  storing  the  cane.  No  specific 
instructions  were  given  to  Mr.  Demin^  in  regard  to  the  oondiict  of 
the  work,  but  he  was  left  free  to  use  his  own  judgment  in  every  par- 
ticular in  regard  to  what  was  best  to  be  done.  Mr.  Deming's  report 
and  the  discussion  thereof  will  follow. 

The  experimental  work  at  Sterling  was  of  an  entirely  different 
order.  The  Sterling  Sugar  Company  had  commenced  a  thorough 
examination  of  all  obtainable  varieties  of  the  sorghum  plant.  Sy 
an  arrangement  made  with  this  company  the  Department  assumed 
tiiis  work  in  the  condition  in  which  it  was  found  the  latter  part  of 
July  and  carried  it  to  completion  under  the  supervision  of  Mr.  Den- 
ton.    Mr.  Denton's  report  and  observations  thereon  will  follow. 

The  following  assignment  of  the  chemical  force  of  the  Division  Was 
made  for  the  purpose  of  securing  analytical  data  of  the  season's  work: 

Mr.  Hughes  having  expressed  an  opinion  that  he  could  get  along 
independently  c)f  any  chemical  assistance  from  the  Department*  no 
assignment  was  made  to  Rio  Grande.  Mr.  Edson  was  placed  in 
charge  of  the  chemical  work  at  Douglass,  assisted  by  Mr.  John  L. 
Fuelling.  Prof.  E.  A.  von  Schweinitz  was  placed  in  charge  of  the 
chemical  work  at  Conway  Springs,  assisted  by  Mr.  Oma  Carr.  Dr. 
C.  A.  Crampton  was  placed  in  charge  of  the  work  at  Sterling,  assisted 
by  Mr.  Karl  P.  McElroy. 

In  the  latter  part  of  July  I  visited  the  three  localities  last  named 
and  arranged  with  the  proper  persons  for  the  establishment  of  the' 
laboratories  and  perfected  the  .arrangements  for  the  chemical  control 
which  was  desired.  In  September  and  October  I  visited  each  of 
the  laboratories  above  mentioned  and  spent  some  days  with  the 
chemists  in  charge  in  consultation  concerning  the  progress  of  the 
work  and  any^  changes  or  alterations  therein  which  seem^  necessary. 
The  results  of  the  cnemical  work  in  each  case  will  be  found  in  con- 
nection with  the  reports  of  the  respective  stations. 

Experiments  at  JRio  Grande,  N,  J. — The  result  of  the  work  at 
Rio  Grande  is  disappointing  in  Its  nature.  For  some  reason  the  oane 
grown  in  that  locality  has  railed  to  improve,  although  it  appears  that 
it  has  had  the  benefit  of  careful  attention  and  fertilization.  There 
has  been  upon  the  whole,  as  indicated  in  Bulletin  18^  a  deterioration 
of  the  cane  at  Rio  Grande;  the  crops  wliich  were  raised  six  or  seven 
years  ago  showing  a  higher  percentage  of  sucrose  than  those  of  the 
present  time.  This  deterioration  has  been  caused  either  by  admixt- 
ure of  a  non-saccharine  variety  with  the  seed,  by  the  method  of  cult- 
ure or  by  the  influence  of  the  soil  and  climate  of  that  locality.  I  am 
inclined  to  attribute  much  of  the  depreciation  to  a  fault  of  the  seed; 
whether  or  not  it  has  been  mixed  with  broom  corn  I  am  unable  to 
say.  The  almost  total  failure  of  the  Amber  cane  at  Rio  Grande 
would  seem  to  indicate  that  some  such  accident  had  happened  to  it. 
While  Amber  cane  in  other  localities  has  continued  to  snow  a  high 
percentage  of  sucrose  in  the  juice,  at  Rio  Grande  it  has  become  a 
worthless  variety  for  sugar-making  or  even  the  production  of  sirup* 
The  importance  of  seed  aelection  is  emphasized  by  this  fact,  since 
there  is  every  reason  to  believe  that  if  seed  of  the  Early  Amber,  such 


REPORT  OF  THE  CHEMISr.  261 

as  was  planted  at  Rio  Grande  seven  or  eight  years  ago,  were  again 
planted  in  tliat  locality  it  would  produce  an  equally  rich  crop  of 
cane.  It  would  be  a  useless  task,  however,  for  any  one  to  attempt 
the  successful  manufacture  of  sugar  by  any  process  from  juices  no 
richer  than  those  reported  by  Mr.  Hughes  during  the  present  year; 
such  cane  at  best  could  only  make  molasses  and  that  probably  of  an 
inferior  cnaracter.  These  agricidtural  I'esults  are  the  more  discour- 
aging because  of  the  systematic  attempts  which  have  been  made  at 
Rio  Grande  in  conjunction  with  the  New  Jersey  experiment  station 
for  the  production  of  aliigh-gradecane;  these  are  not,  however,  suf- 
fioiently  discouraging  to  justify  abandonment  of  similar  attempts  in 
other  localities.  In  respect  of  the  climate  at  Rio  Grande  I  can  see 
nothing  whicli  would  lead  me  to  believe  that  it  is  unfavorable  to  the 
growth  of  sorghum.     On  the  other  hand,  the  climatic  conditions  ap^ 

Sear  extremely  favorable  unless  it  be  true  that  sorghum  will  not 
evelop  a  maximum  content  of  sugar  in  localities  favored  with 
abundant  summer  rains.  Aside  from  this  the  favorable  conditions 
for  growth  and  tlie  practical  immunity  from  early  frosts  render  the 
locality  a  most  favorable  one  for  the  production  and  manufacture  of 
a  crop  of  sorghum  cane.  The  soil  or  this  locality,  it  is  true,  is  not 
naturally  as  fertile  as  the  soils  of  Kansas,  but  witn  the  judicious  f er* 
tilization  which  has  been  practiced  the  tonnage  per  acre  has  been 
fully  as  great  if  not  greater  at  Rio  Grande  than  in  most  other  local- 
ities. 

In  regard  to  the  motliods  of  manufacture  employed  at  this  station 
it  is  necessary  to  speak  with  some  degree  of  caution.  In  the  report 
of  Mr.  Hughes  we  have,  from  his  stand-point,  a  brief  but  graphic  de- 
scription of  the  method  employed.  I  have  never  been  or  the  opin- 
ion that  sugar-making  from  sorghum  could  be  successfully  practiced 
on  a  small  scale,  and  the  experiments  carried  on  by  the  Department 
of  Agriculture  for  two  successive  seasons  at  Rio  Grande  have  only 
served  to  confirm  me  in  this  belief.  The  nature  of  the  processes 
employed,  the  character  of  machinery  required,  and  the  kind  of 
skilled  labor  n(K'ded,  all  combine  to  render  the  manufacture  of  sugar 
on  a  small  scale  commercially  unsuccessful.  I  do  not  see  any  favor- 
able result  in  this  direction  from  the  two  years'  trial  at  Rio  Grande* 
For  thu  present  manufacturing  season  Mr.  Hughes  does  not  give 
the  total  amount  of  sugar  made  except  from  a  portion  of  the  crop; 
and  this  is  no  evidence  wiiatever  that  its  cost  has  been  sufficiently 
low  to  enal)le  it  to  1)(^  put  upon  the  market  in  competition  with  other 
sugars.  I  sliould  have  been  glal  had  the  result  been  otherwise,  for 
the  successful  inauguration  of  an  era  of  sugar-making  conducted 
by  farmers  would  have  been  a  great  blessing  to  vast  agricultural 
regions. 

In  regard  totlu^  machinery  employed  my  opinion  has  already  been 
expressed.  1  have  said  repeatedly,  both  in  official  publications  and 
in  other  places,  tliat  I  regarded  the  system  of  cutting  and  preparing 
the  cane  (hvised  ])y  Mr.  Hughes,  and  now  in  use  in  every  sorghum 
factory  in  tlio  United  States  and  in  at  least  one  cane-sugar  factory, 
as  the  vei'\'  hr<i  wliicli  has  yet  been  invented.  I  have  long  been  con- 
vinced that  lor  the  extraction  of  sugar  from  cane  of  both  kinds  the 
greater  the  deicret'  of  comminution  of  the  chips  the  more  successful 
the  })rocess  will  be.  The  system  of  double  shredding  inaugurated 
by  Mr.  Hui;he\s  during  the  past  season  tends  to  secure  this  end.  It 
Was  in  tins  direction  also  that  I  urged  last  year  for  sugar  cane  the 
construction  of  a  shredding  machine  on  the  principle  of  the  shredder 
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built  by  the  Newell  Universal  Mill  Company  of  New  York,  for  the 
purpose  of  preparing  the  pieces  of  cane  properly  for  the  diffusion 
battery.  This  shredder  I  suggested  should  be  furnished  with  very 
fine  steel  knives  of  the  general  pattern  of  the  shredder  now  in  use, 
with  short  cylinders  of  large  diameter  driven  at  a  very  much  higher 
rate  of  speed.  Last  year  I  suggested  to  Mr.  Fiske,  the  ipventor  of 
the  machine  above  mentioned,  the  advisability  of  building  such  a 
machine  in  duplicate  for  the  purpose  of  reducing  the  cane  to  as  fine 
pieces  as  possible.  The  advantage  of  such  a  shredder  as  this  over 
the  one  used  by  Mr.  Hughes  would  be  principally  in  its  greater 
strength  and  in  the  assurance  that  it  could  be  run  for  days,  and  per- 
haps a  whole  season  through,  without  any  necessity  for  repairs.  It 
is  of  the  highest  importance  that  the  apparatus  for  cutting  and  pulp- 
ing the  cane  should  be  as  effective  as  possible  and  built  in  two  sets,  so 
that  if  one  should  be  out  of  order  the  second  could  still  be  used. 

In  regard  to  the  system  of  diffusion  practiced  at  the  Rio  Grande 
station  and  described  in  Bulletin  18,  further  experience  only  leads  me 
to  emphasize  what  has  been  said  in  that  bulletin,  viz: 

The  defects  of  the  system  were  both  mechanical  and  chemical.  The  mechanical 
difficulty  is  the  same  as  that  which  attends  all  methods  of  diffusion  in  which  the 
cane  chips  are  moved  instead  of  the  diffusion  Uquors.  From  a  mechanical  point  of 
view,  it  IS  far  easier  and  more  economical  to  move  a  liquid  in  a  series  of  vessels  thtm 
a  mass  of  chips.  In  the  Hughes  system  the  whole  mass  of  chips  undergoing  diffu- 
sion, together  with  adhering  liquor,  and  baskets  and  suspending  apparatus,  are  lifted 
vertically  a  distance  of  several  feet,  varying  with  the  depth  of  the  diffusion  tanks, 
every  few  minutes.  The  mechanical  energy  required  to  do  this  work  is  enormous, 
and  with  large  batteries  the  process  would  prove  almost  impossible. 

The  truth  of  this  view  will  be  further  illustrated  in  the  report  of 
the  Douglass  Sugar  Company.  For  very  small  batteries  working 
only  a  few  tons  a  day  this  system  might  possibly  be  employed,  but 
I  doubt  even  then  if  it  could  be  economically  worked.  Tliis  opinion 
of  mine,  as  will  be  seen,  is  at  total  variance  with  that  expressed  by 
Mr.  Hughes,  and  those  who  propose  to  become  practically  interested 
in  the  matter  will  have  to  decide  upon  the  merits  of  the  two  systems 
of  diffusion  after  a  personal  investigation. 

Mr.  Hubeii;  Edson,  who  has  had  two  years'  experience  with  the 
open  system  of  diffusion,  made  the  following  statements  relating 
tnereto  in  the  Louisiana  Planter  and  Sugar  Manufacturer  of  De- 
cember 1,  1888. 

This  report  refers  to  the  battery  used  at  Douglass,  Kans.,  during 
the  season  of  1888: 

The  battery  was  built  from  plans  secured  directly  from  Mr.  Hughes,  and  with 
one  or  two  slight  changes  was  worked  throughout  the  season.  The  main  battery 
consisted  of  ten  cells,  open  at  the  top  to  admit  the  baskets  in  which  the  chips  were 
placed  for  diffusion.  These  baskets,  made  of  strong  boiler  iron,  were  attached  to 
the  arms  of  a  crane,  whic]i  was  i*aised,  rotated,  and  lowered  till  the  requisite  numiber 
of  immersions  was  obtained.  Besides  these  ten  cells  there  was  an  extra  one  of  the 
same  dimensions  placed  just  outside  and  within  reach  of  the  arms  from  the  larger 
crane.  This  arrangement  was  intended  to  secure  a  dense  diffusion  juice,  allowing, 
as  the  diffusion  progressed,  the  heaviest  juice  from  two  of  the  cells  of  the  main  bat- 
tery to  be  drawn  into  the  outside  cell,  and  which  there  received  two  baskets  of 
fresh  chips  before  being  emptied. 

This  manner  of  operating  the  battery  will,  it  is  claimed  by  the  inventor,  give  a 
juice  almost  as  dense  as  a  corresponding  mill  juice.  In  my  opinion,  however,  no 
greater  advantage  is  secured  by  the  eleventh  cell  being  outside  the  main  battery 
than  by  the  same  number  arranged  in  regular  order.  Certainly,  at  Douglass,  the 
results  claimed  by  the  inventor  were  not  even  approximated.  .  The  outside  cell  also 
entailed  an  extraamount  of  labor  in  transferring  the  basket  from  the  small  cruiie 
to  which  it  was  attached  during  its  immersion  to  the  large  crane  of  the  main 
battery. 
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So  much  for  the  manner  of  working  the  battery.  Now  for  the  things  that  are 
of  actual  value  to  the  sugar  planters — ^the  results  obtained  and  the  expenses  inci- 
dent to  such  results, 

Machinery  of  any  kind  to  be  effective  should  require  a  minimum  of  human 
labor.  Let  us  see  how  the  Hughes  battery  compares  with  the  ordinary  form.  At 
Douglass  the  battery  was  designed  to  work  a  hundred  tons  of  cane  daily,  and  to 
do  this  at  least  eight  men  were  necessary  to  shift  the  baskets  to  their  different  places. 
Half  of  this  number  would  run  a  closed  battery  and  find  the  work  easier,  since  they 
would  have  no  baskets  weighing  a  thousand  pounds  each  to  handle. 

Besides  this  manual  labor  the  whole  ten  baskets  had  to  be  raised  every  time  one 
was  filled  or  emptied.  A  large  hydraulic  pump  is  used  for  this  work  and  of  itself 
requires  more  power  than  is  necessary  to  run  a  oattery  of  closed  cells.  This  extra 
power  and  lalx)r  would  not  necessarily  condemn  the  apparatus,  if  such  superior 
results  were  obtained  as  to  overcome  the  expense.  But  instead  of  this  exactly  the 
reverse  was  accomphshed.  Not  much  better  extraction  was  secured  than  is  ob- 
tained by  the  ordinary  cane-mill  of  Louisiana,  and  this  only  with  a  dilution  of 
nearly  50  per  cent.,  causing  an  extra  expense  of  no  small  amount  of  evaporation. 
Then  also  the  (quality  of  the  juice  obtained  was  extremely  poor.  The  almost  con- 
stant exposure  to  the  air  and  especially  in  iron  vessels  blackened  it  to  such  a  decree 
that  no  good  sugars  could  be  made  from  it.  Clarification  was  nearly  impossible 
with  any  of  the  ordinary  re-agents  in  the  sugar-house.  This  was  extremely  unfor- 
tunate in  Kansas,  as  the  greatest  profits  are  made  on  material  sold  to  the  home 
market. 

Ex2)eri merits  at  KenneVy  La, — As  has  been  mentioned  before,  Prof. 
W.  C.  Stnbbs  was  placed  in  charge  of  the  experiments  which  were 
arranged  for  in  connection  with  the  Louisiana  sugar  experiment  sta- 
tion at  Kenner  and  the  stations  at  Baton  Rouge  and  Calhoun.  For 
two  previous  seasons  Professor  Stubbs  had  made  extensive  experi- 
ments with  sorghum,  which  are  fully  reported  in  the  bulletins  or  the 
Louisiana  experiment  station  and  in  Bulletin  No.  18  of  this  Division. 
A  study  of  the  analytical  data  of  the  three  years'  work  in  Louisiana 
shows  in  an  emphatic  way  the  peculiarities  of  sorghum  which  have 
rendered  so  dimcult  the  successful  inauguration  of  sugar-making 
from  that  plant.  Tlie  great  variations  in  the  content  of  sucrose  in 
the  juices  of  the  plant,  its  susceptibility  to  injury  bv  storms  and 
other  unforeseen  causes,  are  strikingly  set  fortn  in  tne  analytical 
figures  which  follow.  In  my  opinion  the  production  of  a  Variety  of 
sorghum  cane  suitable  to  the  soil  and  climate  of  the  sugar  lands  of 
Louisiana  will  be  a  work  of  no  small  difficulty.  From  the  results  of 
the  work  already  done,  and  especially  during  the  last  year,  an  account 
of  which  is  contained  in  the  apnended  report  of  Professor  Stub\)s, 
it  is  clearly  seen  that  a  season  which  has  produced  a  sugar  cane  very 
rich  in  sucrose  in  the  State  of  Louisiana  has  produced  a  sorghum 
crop  which  is  absolutely  worthless  for  sugar-making  for  commercial 
purposes.  Another  point  illustrated  by  the  report  is  brought  out  in 
reference  to  the  past  work  of  the  station  in  which,  although  a  cane 
was  produced  whose  juice  was  reasonably  rich  in  sucrose,  its  prac- 
tical working  in  the  sugar  factory  was  found  most  difficult.  In  the 
report  this  is  ascribed  to  the  presence  of  large  quantities  of  dextrine 
or  dextrine-like  bodies  supposed  to  be  derived  from  the  starch  orig- 
inally present  in  the  juice.  It  is  the  opinion  of  Professor  Stubbs 
that  starch  and  sucrose  are  developed  in  the  sorghum  pari  passu. 
In  this  case  it  would  be  found  that  the  direct  polarization  of  a  sor- 
ghum juic^e  rich  in  sugar  would  show  apparently  a  much  higher 
content  of  sucrose  than  was  actually  present,  since  dextrine  and  its 
allied  bodies  are  much  more  dextrogyratory  than  sucrose.  The 
points  developed  by  the  experiments  may  be  summarized  as  follows: 

(1)  Sorghum  cane  develops  sometimes  in  Louisiana  a  juice  con- 
taining a  very  high  percentage  of  sucrose,  but  combined  with  other 
bodies  which  render  its  separation  from  the  juice  difficult. 
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(2)  The  occurrence  of  a  wet  summer  attended  by  the  severe  wiud 
storms  which  are  so  common  in  that  locality  prevents  the  development 
of  a  hi^h  sucrose  content  in  the  growing  sorghum. 

(3)  The  possible  utilization  of  sugar  machinery  for  a  longer  man- 
ufacturing season  is  one  of  the  chief  inducements  in  the  sugar *cane 
regions  for  the  cultivation  of  sorghum  as  a  sugar-producing  plant. 

(4)  Delay  in  working  the  cane  after  cutting  is  not  as  dangerous  as 
has  been  supposed. 

It  will  be  understood  that  these  are  conclusions  which  I  have  drawn 
from  reading  Professor  Stubbs's  report,  and  are  not  formulated  in  the 
above  manner  by  himself.  Some  of  these  conclusions  do  not  seem 
to  me  to  be  "justly  drawn  from  the  data  at  hand. 

The  resulfc  of  the  attempts  to  grow  sorghum  for  sugar-making 
purposes  on  the  low  sugar  lands  in  Louisiana  in  my  opinion  are  not 
highly  encouraging  to  the  belief  that  these  lands  and  their  climate 
are  the  best  suited  in  the  United  States  for  the  production  of  sor- 
ghum as  Professor  Stubbs  says.  On  the  other  hand  I  believe  there 
are  few  localities  in  the  United  States  where  sorghum  grows  at  aU 
in  which  a  better  crop  for  sugar-making  purposes  can  not  be  produced. 
Expeijence  has  shown  that  the  dry  climate  of  southern  and  western 
Kansas  produces  the  most  uniform  crop  of  sorghum  for  sugar-making 

fmrposes,  while  the  data  of  Professor  Stubbs  which  f 6llow  show  that 
he  Louisiana  product,  for  the  present  year  at  least,  is  about  the  poor- 
est on  record.  One  point,  however,  sliould  be  borne  in  mind,  viz, 
that  the  course  of  experiment  pursued  by  the  Louisiana  experiment 
station  is  the  one  which  is  best  suited  for  the  rapid  development  of 
every  possibility  of  sorghum  culture  in  that  State.  The  experi- 
mental trials  which  are  made  with  sorghum  will  show  both  its  weak 
and  strong  points,  and  in  the  wide  variation  which  the  plant  shows 
there  will  doubtless  be  some  variety  produced  or  found  which  will 
be  best  suited  to  the  peculiar  conditions  which  obtain  in  that  locality. 
The  soil  and  climatic  conditions  of  the  northern  part  of  the  State  whei*e 
cotton  is  now  grown  will  probably  be  found  better  suited  to  the  pro- 
duction of  sorghum  than  those  of  the  present  sugar-producing  local- 
ities. I  feel  quite  sure  that  the  expectation  expressed  by  Professor 
Stubbs  of  being  able  to  realize  under  certain  conditions  as  much  as 
120  to  125  pounds  of  sugar  from  sorghum  cane  may  be  fully  met  un- 
der favorable  circumstances  :  but  it  would  still  remain  to  be  demon- 
strated that  this  yield  could  be  reasonably  expected  from  year  to  year 
or  even  occasionally  on  a  large  scale.  Tho  subsequent  experiments 
which  are  promisea  by  Professor  Stubbs  at  the  Louisiana  station  will 
doubtless  set  at  rest,  in  a  few  years,  all  these  questions  and  demon- 
strate to  the  sugar-makers  of  Louisiana  just  what  can  be  expected 
from  sorghum  as  an  adjunct  to  their  great  industry. 

Experiments  at  Conway  Springs. — In  the  reports  of  Messrs.  Dem- 
ing  and  Von  Schweinitz,  which  roUow,  together  with  the  analytical 
tables,*  much  interesting  information  maybe  found  in  regard  to  the 
sorghum-sugar  industry  in  Kansas,  The  successful  continuation  of 
the  work  at  Fort  Scott  has  encouraged  the  belief  in  the  possibility 
of  a  speedy  establishment  of  a  sorghum-sugar  industry  in  Kansas  on 
a  large  scale.  The  unfortunate  financial  outcome  of  the  work,  how- 
ever, at  Conway  Springs  shows  that  much  is  yet  to  be  learned  by 
those  entering  upon  this  industry  before  success  can  be  confidently 
predicted.  A  discussion  of  the  chemical  data  collected  at  Conway 
springs  will  be  found  in  connection  with  the  analytical  tables.    It  is 

*  See  Bull.  No.  20. 
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proper  to  say  here,  however,  that  the  sorghum  iuices  of  the  crop 
grown  at  Conway  Springs  show  a  higher  content  oi  sucrose  than  any 
large  crop  which  has  ever  before  been  produced  in  the  United  States. 
Tliis  hign  content  of  sucrose,  which  appeared  in  the  crop  after  the 
middle  of  September,  as  indicated  by  the  analysis  of  the  juices,  was 
continued  until  the  close  of  the  working  season  in  November.  The 
samples  of  chips  taken  from  the  cells  of  the  battery  showed  in  their 
juices  a  hi^h  content  of  sucrose  uniformly;  much  higher,  in  fact,  than 
would  be  indicated  by  the  output  of  sugar.  One  reason,  doubtless, 
for  this  WHS  the  exceptionally  dry  season  diminishing  the  content  of 
water  in  the  cane,  and  thus  increasing  the  percentage  of  sucrose  in 
the  juice.  This  fact,  though  not  established  by  the  determination  of 
the  fiber  in  the  cane,  is  plainly  indicated  by  two  other  facts  developed 
by  the  analytical  work,  viz,  the  diminished  extraction  when  using 
the  small  mill  of  the  same  pressure  as  the  season  progressed  and 
the  hiii;li  content  of  total  solids  in  the  juices.  The  output  of  suj^ar 
was  evidently  diininished  by  the  character  of  the  water  used  in  dif- 
fusion; but  that  would  be  unable  to  account  for  the  small  yield  of 
orystallizal)le  sugar  obtained  with  juices  of  the  richness  of  those 
worked.  Exjjeriments  made  by  boiling  a  solution  of  pure  sugar  with 
the  water  used  in  diffusion  at  Conway  Springs  proved  that  the  pres- 
ence of  a  large  amount  of  gypsum  did  not  tend  to  increase  the  inver- 
sion of  sucrose;  that  it  may,  however,  have  interfered  with  the  crys- 
stallization  of  the  sucrose  is  a  fact  which  can  scarcely  be  denied.  The 
actual  output  of  sugar  at  Conway  Springs  in  my  opinion  would  have 
been  considerably  larger  had  pure  water  been  employed  in  the  diffu- 
sion battery;  nevertheless  the  important  fact  remains  that  the  yield 
of  crystallizable  sugar  was  wholly  dispropoii;ional  to  the  richness  of 
the  juices  worked,  snowing  that  the  high  ratio  of  sucrose  was  not 
obtained  at  the  expense  of  the  solids  not  su^ar  in  the  juices.  In 
other  words,  it  appears  that  a  cane  whose  juice  is  normal  in  quantity, 
say  at  about  90  per  cent,  of  the  total  weight,  and  having  a  content  of 
sugar  equal  to  10  percent.,  with  total  solids  at  16  per  cent.,  will  yield 
fully  as  much  if  not  more  sugao*  than  a  cane  whose  juice  is  abnormal, 
say  not  more  than  80  per  cent,  of  the  total  weight,  with  12  per  cent, 
of  sucrose  and  18  to  20  per  cent,  of  total  solids.  Another  important 
fact  developed  by  a  study  of  the  data  obtained  at  Conway  Springs  is 
in  the  persistence  of  the  sugar  content  in  the  juice  after  the  cane  was 
fully  ripened.  In  localities  where  considerable  moisture  may  be  ex- 
pected m  the  soil  as  a  result  of  frequent  rains  during  the  manufact- 
uring season  it  has  been  noticed  that  there  is  a  rapid  deterioration  of 
the  iuices  beginning  a  short  time  after  complete  maturation.  This 
has  Deeii  especially  noticed  in  the  experience  at  the  Rio  Grande  sta- 
tion. It  has  also  been  noticed  by  all  careful  observers  of  the  sor- 
fhum  grown  in  ordinary  localities.  The  inspissation  of  the  juices 
y  the  natural  causes  of  an  extremely  dry  climate  appears  to  protect 
the  sugar  from  this  destruction.  This  is  a  point  or  the  greatest  in- 
terest to  sorghum -growers,  to  whom  the  preservation  of  the  sugar  in 
the  juice  for  a  reasonable  length  of  time  is  a  matter  of  the  greatest 
consideration.  In  the  process  of  diffusion  this  thickening  of  the 
juice  entails  no  loss,  although  if  milling  were  used  for  expressing  the 
juice  the  loss  would  be  a  most  serious  one.  The  above  explanation 
of  the  ciiaracter  of  the  juice  at  Conway  Springs  is  off ered  with  some 
degree  of  hesitation,  since  I  am  fully  aware  of  the  danger  of  draw- 
ing conclusions  in  sorghum  vprk  from  a  too  limited  number  of  obser- 
vations. 
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The  manufacturing  operations  at  ConAvay  Springs  were  greatly 
hindered  bv  faults  in  the  machinery  which  could  scarcely  be  avoided 
when  the  snort  time  allowed  for  the  manufacture  and  erection  of  the 
same  is  considered.  Instead  of  taking  three  months  for  the  erection 
of  a  sugar  factory  a  whole  year  is  none  too  long  a  time,  and  disaster, 
for  at  least  one  year,  is  certain  to  attend  attempts  to  erect  such  ma- 
chinery in  the  time  allowed  at  Conway  Springs. 

What  is  needed  now  in  the  sorghum-sugar  industry  is  the  manu- 
facture of  sugar  at  a  rate  which  will  enable  the  manufacturer  to 
compete  with  sugar  from  other  parts  of  the  world.  A  great  step  in 
this  direction  will  be  secured  when  the  kind  of  machinery  which  has 
been  pointed  out  by  the  investigations  of  the  Department  as  neces- 
sary to  success  shall  be  constructed  bv  skilled  macninists  and  erected 
by  skilled  engineers  with  time  enougn  at  their  disposal  to  finish  their 
work  before  the  manufacturing  season  begins.  Some  further  re- 
marks on  this  subject  will  be  made  in  another  place. 

From  a  commercial  point  of  view  the  results  of  the  work  at  Con- 
way Springs  are  wholly  disappointing ;  to  the  person,  however,  who 
will  take  i)ains  to  inform  himself  in  regard  to  the  conditions  which 
there  obtained  many  points  of  encouragement  will  be  found  in  spite 
of  the  financial  failure  of  the  first  season's  work. 

Experiments  at  Douglass^  Kans, — The  practical  e:fperiments  car- 
ried ^on  at  Douglass  consisted  in  a  thorough  trial  of  the  open  system 
of  diffusion  (the  Hughes  system)  to  test  its  fitness  for  working  on  a 
large  scale.  For  the  details  of  the  construction  of  the  battery  I  refer 
to  tne  report  of  Mr.  Edson.  In  regard  to  its  working  in  general  I 
may  say  that  it  was  a  total  failure  both  as  to  economy  of  power  and  suc- 
cess of  extraction.  The  financial  difficulties  which  were  encountered 
by  the  companv  during  the  year  were  attributed  largely  to  the  use  of 
this  battery.  The  evaporating  apparatus  in  use  at  Douglass  was  of 
first-class  quality  and  arranged  in  a  practical  manner.  The  system 
of  clarification  tanks,  double  effects,  and  strike  pan  was  as  good  as 
could  be  desired  for  sugar-making  purposes.  Mad  the  company 
adopted  the  system  of  diffusion  erected  oy  the  Department  at  Fort 
Scott  there  is  every  reason  to  believe  that  even  during  the  first  season 
it  would  have  paid  all  expenses  and  made  a  reasonable  profit.  The 
attempt  to  introduce  a  new  and  untried  system  on  a  lar^e  scale  shows 
the  danger  which  too  often  besets  the  introduction  or  a  new  enter- 
prise. The  promoters  of  such  an  enterprise,  not  satisfied  with  what 
has  been  accomplished,  attempt  to  follow  new  paths  which  of  ten  lead 
to  unknown  and  unwished-f  or  localities.  It  is  best  in  any  enterprise 
to  accept  what  has  been  proved  of  value  and  not  jeoi)araize  the  suc- 
cess of  a  commercial  undertaking  by  introducing  in  its  place  a  kind 
of  experiment  which,  failing,  would  destroy  all  prospects  of  success. 
As  will  be  seen  by  the  analytical  tables  accompanying  the  Douglass 
report*  the  crop  was  of  fair  quality,  showing  about  the  average  per- 
centage of  sucrose  developed  in  Kansas  during  the  last  two  or  three 
years.  The  soil  on  which  most  of  the  crop  was  raised  was  somewhat 
richer  in  vegetable  matter  and  contained  less  sand  than  the  soil  at 
Conway  Springs.  The  climatic  conditions  of  the  two  places  were  so 
nearly  identical  as  to  make  apparently  but  little  difference,  yet  it 
must  be  conceded  that  at  Douglass  the  hot,  dry  winds  produced  less 
effect  than  at  Conway  Springs.  There  did  not  appear  to  be  the  same 
drying  up  of  the  juice,  which  may  account  to  some  extent  for  the  per- 
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centage  of  sucrose  therein  being  less.  The  agricultural  results,  how- 
ever, were  of  the  most  encouraging  nature,  showing  that  in  this 
locality  a  crop  of  sorghum  cane  can  be  grown  whicn  with  proper 
treatment  may  be  expected  to  yield  from  80  to  90  pounds  or  sugar 
per  ton  of  clean  cane.  Not  only  were  the  actual  results  rendered  un- 
favorable by  the  kind  of  battery  employed,  but  aside  from  this  for 
some  reason  the  centrifugals  used  proved  to  be  wholly  inadequate  to 
the  severe  task  imposed  upon  them.  The  drying  of  sorghum  sugar 
is  at  best  a  difficult  task  and  only  the  best  approved  centrifugal  ap- 
paratus should  ever  be  employed  for  this  purpose.  Had  the  battery 
at  Douglass  worked  successfully  much  delay  would  have  been  experi- 
enced in  the  manufacture  of  the  crop  by  the  imperfections  above 
noted  in  the  centrifugal  machines. 

Experiments  at  Sterling ^  Kans. — At  the  very  beginning  of  my  con- 
nection with  the  experiments  in  the  manufacture  of  sugar  from  sor- 
ghum I  realized  the  importance  of  improving  the  quality  of  the  cane 
to  be  used.  In  Bulletin  No.  3,  page  107,  I  made  the  following  state- 
ments: 

The  future  success  of  the  industry  depends  on  the  following  conditions,  viz: 

(1)  A  careful  selection  and  improvement  of  the  seed  with  a  view  of  increasing 
the  proportion  of  sucrose. 

(2)  A  definition  of  geographical  limits  of  successful  culture  and  manufacture. 

(3)  A  better  method  of  purifying  the  juices. 

(4)  A  more  complete  separation  of  the  sugar  from  the  canes. 

(5)  A  more  complete  separation  of  the  sugar  from  the  molasses. 

(6)  A  systematic  utilization  of  the  by-products. 

(7)  A  careful  nutrition  and  improvement  of  the  soil. 

Improvement  by  seed  selection, — I  am  fully  convinced  that  the  Government  should 
undertake  the  experiments  which  have  in  view  the  increase  of  the  ratio  of  sucrose 
to  the  other  substances  in  the  juice.  These  experiments,  to  be  valuable,  must  con- 
tinue tmder  proi)er  scientific  direction  for  a  number  of  years.  The  cost  will  be  so 
great  that  a  private  citizen  will  hardly  be  willing  to  undertake  the  expense. 

The  history  of  the  improvement  in  the  sugar  beet  should  be  sufficient  to  encour- 
age jdl  similar  efforts  with  sorghum. 

The  orig^al  forage  beet,  from  which  the  sugar  beet  has  been  developed,  contained 
only  5  or  6  per  cent,  of  sucrose.  The  sugar  beet  will  now  average  lO  percent.*  of 
sucrose.  It  seems  to  me  that  a  few  years  of  careful  selection  may  secure  a  similar 
improvement  in  sorghum. 

It  would  be  a  long  step  toward  the  solution  of  the  problem  to  secure  a  sorghum 
that  would  average,  field  with  field,  12  per  cent,  sucrose  and  only  2  per  cent,  of 
other  sugars,  and  with  such  cane  the  great  difficulty  would  be  to  make  sirup  and 
not  sugar.  Those  varieties  and  individuals  of  each  variety  of  cane  which  show  the 
beet  analytical  results  should  be  carefully  selected  for  seed,  and  this  selection  con- 
tinued until  accidental  variations  become  hereditary  qualities  in  harmony  wj]th  the 
well-known  principles  of  descent. 

If  these  experiments  in  selection  could  be  made  in  different  parts  of  the  country, 
and  especially  the  various  agricultural  stations  and  colleges,  they  would  have  addi- 
tional value  and  force.  In  a  country  whose  soil  and  climate  are  as  diversified  as  in 
this,  results  obtained  in  one  locality  are  not  always  reliable  for  another. 

If  some  unity  of  action  could  in  this  way  be  established  among  those  engaged  in 
agricultural  research  much  time  and  labor  would  be  saved  and  more  valuable  re- 
sults obtained. 

In  a  summary  of  the  methods  which  I  have  advocated  for  the  im- 
provement of  the  sorghum  plant  I  said  in  an  address  before  the 
National  Sugar-Growers'  Association,  in  Saint  Louis,  in  February, 
1887,  that— 

Finally  our  experiments  have  taught  us  that  after  all  the  mechanical  difficulties 
which  have  been  enumerated  in  the  manufacture  of  sugar  from  sorghum  have  been 
overcome,  the  industry  can  not  become  commercially  successful  until  the  scientific 

*In  the  six  years  which  have  passed  since  the  above  was  written  the  sugar  beet 
has  been  still  further  improved  and  will  perhaps  ^ow  12  per  cent,  of  sugar. 
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agironomist  succeeds  in  producing  a  sorghuna  plant  with  a  r^asouaWy  hi^h  aii4  u»i- 
form  content  of  sucrose  and  a  minimum  of  othw  suV^atances.  Thfi  work  is  pecu- 
liarly the  function  of  our  agricultural  experiment  stationa.  In  beet-sugar  produeing 
coimtries  the  production  of  the  seed  for  planting  is  a  dif tinct  l:»ranoh  of  th^  Indus- 
try, So,  too,  it  must  he  with  sorghum.  A  careful  soienti^o  selfiQtion  of  the  seed^  of 
those  plants  showing  the  l)est  sugarrproducing  ^ualitias,  their  proper  planting  and 
cultivation,  a  wise  choice  of  locality  and  wnl,  a  proper  appreciation  of  the  best; 
methods  of  culture,  these  are  all  factors  which  must  be  taken  into  consicferation  in 
the  successful  solution  of  the  problem. 

It  was  with  tliia  purpose  in  view  tjmt  I  made  the  ayi'aiiigejixQiits 
with  the  Sterling  Sirup  Company  by  which  the  Department  assumed 
control  of  the  exi)eriuieiits  which  they  Jiad  made  in  th^  cultivation, 
of  different  varieties  of  sgrghum.  At  the  time  this  arraugetnent 
was  made,  viz,  in  the  latter  part  of  July,  Mr.  A.  A.  Denton  was  al- 
ready in  charge  thereof  for  the  Sterling  Sirup  Company,  and  he  was 
appointed  hy  you  to  continue  in  general  charge  under  th^  direction 
of  the  Department,  It  was  arranged  with  Mr.  Denton  that  the  gen- 
eral line  of  research  should  be  such  as  is  indicated  in  the  above  state- 
ments for  the  purpose  in  view.  The  chemists  who  were  sent  to  take 
charge  of  the  analytical  work  were  instructed  to  co-operate  with  Mr. 
Denton  in  such  a  way  as  to  secure  favorable  results  and  to  make 
such  suggestions  as  might  seem  valuable  in  the  details  of  the  work, 
Mr.  Denton  was  requested  to  make  a  general  study  of  the  growth  of 
the  different  varieties  and  of  the  habits  of  each  one  with  reference 
to  its  fitness  as  a  sugar  plant.  The  most  promising  individuals  of 
each  variety  were  to  be  selected  for  experimental  purposes  and  those 
showing  the  highest  content  of  sucrose  with  the  lowest  content  of 
other  substances  were  to  be  preserved  for  future  planting,  The  able 
manner  in  which  Mr.  Denton  accomplished  this  work,  aasieted  by 
the  chemists  of  the  Dex^artment,  will  be  found  in  his  detailed  peport. 
I  regard  it  of  the  highest  importance  to  the  future  sucoessi  of  the 
industry  that  the  line  of  work  thus  commenced  by  the  Department 
should  be  continued. 

One  great  difficulty  with  which  we  have  to  contend  is  in  the  char- 
acter of  the  approj^riations  made  for  the  experimental  work,  I  have 
called  attention  to  this  difficulty  in  former  reports,  and  I  wish  to  em- 
phasize the  matter  here.  The  fiscal  year  in  all  Government  affairs 
Degins  on  the  1st  of  July.  For  investigations  in  agriculture  no 
more  unfortunate  be  inning  of  the  year  could  be  selected.  On  the 
1st  of  July  it  is  too  late  to  commence  expori^nents  for  that  season  5  if 
thes^  experiments  be  postponed  until  the  next  season  arrangements 
can  be  made  for  their  continuation  only  up  to  the  1st  of  next  July, 
and  thus  they  have  to  be  stoT)ped  before  they  are  well  begun.  The 
difficulty  is  extremely  manifest  in  the  present  instance.  The  wis- 
dom and  value  of  continuing  the  experiments  at  Sterling  last  year 
will  be  denied  by  no  one.  Abundant  funds  are  left  over  from  the 
present  year's  api)ropriation  to  continue  the  experiments  for  another 
season.  It  is,  however,  unwise  to  make  any  arrangements  for  suoh 
work,  since  no  part  of  it»  except  that  which  will  be  let  out  by  contract, 
could  be  continued  after  the  1  st  of  July,  1889.  You  thu»  find  your  hands 
tied,  as  it  were,  by  the  unfortunate  disposition  of  the  experimental 
year,  which  has  to  begin  and  end  with  tne  fiscal  year.  To  avoid  this 
difficulty,  which  has  been  one  of  the  greatest  causes  of  the  disasters 
which  have  attended  our  experiments  with  sorghum,  I  earnestly 
recommend  that  all  appropriations  for  field  and  manufacturing  ex^- 
perimonts  in  agricultural  matters  be  made  to  take  effect  from  the 
Ist  of  January  each  year  instead  of  the  Ist  of  July. 
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POINTS  TO  BB  CONSIDBRBD  IN  BUILPINO  A  FACTORY. 

It  is  of  the  utmost  innKjrtance,  both  for  the  individuals  and  the 
industry,  that  intending  investors  in  the  sugar  business  should  care- 
fully coufc^ider  the  problem  presented  to  them  in  all  its  forms.  Failure 
is  not  only  a  personal  calamity  but  a  public  one,  in  that  it  deters 
capital  from  investment  in  an  industry  which,  properly  pursued, 
gives  promise  of  a  fair  interest  on  the  money  invested. 

Soil  and  climate. — The  importance  of  soil  and  climate  has  already 
been  discussed.  In  the  light  of  present  experience  it  must  be  con- 
ceded that  a  soil  and  climate  similar  to  those  of  southern  and  west- 
ern Kansas  are  best  suited  to  the  culture  of  sorghum  for  sugar* 
making  purposes.  Further  investigations  may  show  that  Texas  and 
Louisiana  i)resent  equally  as  favorable  conditions,  but  this  yet  awaits 
demonstration.  Conditions  approximately  similar  to  those  men* 
tioned  can  doubtless  be  found  in  Arkansas,  Tennessee,  North  Caro- 
lina, and  other  localities.  The  expectations  which  were  entertained 
and  positively  advocated  a  few  years  ago  of  the  establishment  of  a 
successful  sorghum  industry  in  the  great  maize  fields  of  the  country 
must  now  be  definitely  abandoned.  He  who  would  now  advise  the 
building  of  a  sorghum-sugar  factory  in  northern  Illinois.  Indiana, 
Iowa,  or  Wisconsin  would  either  betray  his  ignorance  or  nis  malig* 
nity.  A  season  of  manufacture,  reasonably  certain  for  sixty  days, 
is  an  essential  condition  to  success  in  the  manufacture  of  sorghum 
sugar.  Early  frosts  falling  on  cane  still  immature,  or  a  freezing 
temperature  on  ripe  cane  followed  by  warm  weather  are  alike  fats! 
to  a  favorable  issue  of  the  attempt  to  make  sugar.  Sober  and  care* 
ful  men  will  not  be  misled  by  tne  claims  of  the  enthusiast,  by  the 
making  of  a  few  thousand  pounds  of  sugar  in  Minnesota,  by  the 
graining  of  whole  barrels  of  molasses  in  Iowa.  Four  or  five  million 
acres  of  land  will  produce  all  the  sugar  this  country  can  consume  for 
many  years,  and  these  acres  should  be  located  where  the  climatic 
conditions  are  most  favorable.  During  the  past  season  sorghum 
cane  matured  as  far  north  as  Topeka,  but  in  1886  the  cane  crop  at 
Fort  Scott  was  ruined  by  a  heavy  frost  on  the  29th  of  September  and 
in  1885  a  like  misfortune  happened  at  Ottawa,  Kans.,  on  the  4th  of 
October.  Tliese  interesting  facts  show  that  these  points  are  on  the 
extreme  northern  limits  of  safety  for  sorghum-sugar  making,  and  the 
region  of  success  will  be  found  to  the  south  and  west  of  them. 

Natural  rertility  of  soil  must  also  be  considered  as  well  as  favor- 
able climate.  The  sandy  pine  lands  of  North  Carolina  can  not  hope 
to  compete  with  the  ricn  prairies  of  southwestern  Kansas  and  the 
Indian  Tc^rritory.  Indeed,  in  my  opinion,  the  last-named  locality, 
should  it  ever  be  opened  to  white  settlers,  is  destined  to  be  the  great 
center  of  tlio  sorghum-sugar  industry.  Nevertheless,  those  who  plant 
the  virgin  soils  of  this  great  Southwestern  empire  must  remember  that 
to  always  take  and  never  give  will  tire  the  most  patient  soils,  and  a  just 
return  should  be  annually  made  to  the  willing  fields.  A  judicious 
fertilization,  rotation,  and  rest  will  not  only  preserve  the  natural 
fertility  of  the  fields,  but  give  even  a  richer  return  in  the  improved 
quality  of  the  cane  and  the  greater  tonnage  secured.  Perhaps  the 
most  sensible  solution  of  the  problem  of  the  disposition  of  the  waste 
chips  will  he  found  in  returning  them  to  the  soil.  These  chips  have 
a  positive  manurial  value  in  the  nitrogen  they  contain,  while  their 
merely  physical  effect  on  the  soil  may  prove  of  the  highest  impor- 
tance. 
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Water  supply. — The  misfortunes  which  have  attended  many  at- 
tempts in  the  manufacture  of  sugar  by  diffusion,  by  reason  of  an  imper- 
fect or  insufficient  water  supply,  are  a  sufficient  warning  on  this  sub- 
ject to  the  careful  student,  i^ot  only  should  the  water  supply  be 
abundant  and  easily  accessible,  but  the  portion  of  it  at  least  wnich  is 
to  be  used  in  the  battery  should  be  as  pure  as  possible.  The  presence 
of  carbonate  of  lime  and  other  carbonates  in  water  is  not  injurious, 
but  the  evil  effects  of  a  large  amount  of  other  kinds  of  mineral  mat- 
ter are  shown  in  the  data  from  Cgnway  Springs.  When  the  supply 
of  water  is  insufficient  it  has  been  customary  to  use  ponds  for  receiv- 
ing the  waste  from  the  factory,  so  that  it  may  be  used  again.  This 
method  is  applicable,  if  care  be  taken  to  prevent  organic  matters, 
scums,  etc.,  from  entering  the  water  supply.  In  case  this  precaution 
is  not  taken  the  operator  of  the  factory  may  find  himself  m  the  con- 
dition in  which  the  Department  was  placed  in  its  first  experiments  at 
Ottawa  and  Fort  Scott,  in  being  compelled  to  use  water  foul  and  pu- 
trescent. It  is  scarcely  safe  to  rely  upon  a  well  for  a  supply  of  water, 
especially  if  it  have  to  be  sunk  te  any  depth.  Where  pumping  ma- 
chinery must  be  placed  many  feet  below  the  surface,  as  in  the  cramped 
condition  which  attends  its  erection  in  a  well,  serious  difficulties  may 
arise  from  the  machinery  getting  out  of  order,  and  a  great  loss  of 
energy  may  ensue  from  the  necessity  of  lifting  the  water  to  a  great 
height.  In  all  cases  where  it  is  possible  a  running  stream  of  water 
should  be  selected  for  the  supply  and  the  f actery  should  be  placed 
conveniently  near  its  banks.  The  importance  of  this  matter  is  em- 
phasized the  more  when  it  is  considered  that  the  most  favorable  local- 
ities for  su^ar  making,  as  indicated  bv  the  present  state  of  our  knowl- 
edge, are  situated  in  regions  where  tne  water  supply  is  notably  defi- 
cient; yet  it  must  be  admitted  that  even  in  southern  and  western 
Kansas  it  will  not  be  difficult  to  find  localities  for  the  erection  of  sugar 
factories  where  the  water  su jjply  is  certain  and  abundant.  In  the  light 
of  past  experience  it  is  not  T)ro oable  that  any  further  mistakes  willbe 
made  in  tnis  direction.  Careful  estimates  should  be  made  of  the 
quantity  of  water  required  and  absolute  certainty  should  be  secured 
of  the  supply  of  that  amount  of  water  and  even  of  a  much  greater 
amount  in  cases  of  emergency.  The  only  safety  willbe  found  in  some 
such  plan  as  this. 

Proximity  of  cane-fields, — Another  point  which  must  be  taken  into 
consideration  in  the  location  of  a  factory  is  the  distance  which  the 
cane  is  to  be  transported.  This  is  a  matter  which  of  course  the 
farmers  raising  the  cane  are  more  interested  in  than  the  proprietors 
of  the  factory,  when  the  cane  is  grown  by  contract.  With  good 
roads,  in  a  level  country,  it  is  easy  to  draw  from  1^  to  2  tons  of  field 
cane  at  each  load.  The  average  price  which  is  paid  for  such  cane  at 
the  present  time  is  $2  per  ton.  It  is  evident  that  at  a  given  distance, 
varying  according  to  the  price  of  teams  and  labor  in  each  locality, 
the  cost  of  transportation  would  equal  the  total  receipts  for  the  cane; 
in  this  case  the  farmer  would  have  nothing  left  to  pay  for  the  raising 
of  the  cane  and  profit.  Evidently  true  economy,  from  an  agricult- 
ural point  of  view,  would  require  the  cane  to  be  grown  as  near  the 
factory  as  possible.  It  would  be  well,  indeed,  if  all  the  cane  could 
be  grown  within  a  radius  of  a  mile  from  the  factory.  This  would 
give,  in  round  numbers,  2,000  acres  tributary  to  a  factory.  With  an 
ordinary  season  this  ought  to  produce  20,000  tons  of  cane.  The 
lengthening  of  the  radius  of  this  circle  by  one-half  mile  would  g^ve 
the  greatest  distance  to  be  hauled  1^  miles,  thus  vastly  increasing 
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the  surface  tributary  to  the  central  factory.  It  is  true  that  at  the 
present  time  farmers  are  easily  found  who  are  willing  to  draw  their 
cane  4,  5,  and  even  6  miles,  but  this  condition  of  affairs  can  not  be 
continued  when  the  business  is  fully  established  and  the  factories  in 
sharp  competition  with  each  other.  In  case  the  exhausted  chips  are 
to  be  returned  to  the  soil  as  fertilizer  the  importance  of  a  centrally 
located  factory  as  described  is  doubly  emphasized. 

Fuel. — A  clieap  and  abundant  supply  of  fuel  is  not  less  important 
than  the  raw  material  to  be  manufactured  into  sugar.  As  far  as  the 
sorghum-sugar  industry  is  concerned  the  coal  which  is  used  for  fuel 
is  transported  almost  exclusively  by  rail.  In  locating  a  factory,  there- 
fore, both  for  convenience  of  shipping  the  product  and  for  receiving 
a  supplv  of  fuel,  it  should  be  placed  sufficiently  near  a  railway  line 
to  enable  it  to  be  connected  therewith  by  a  switcn.  It  is  better,  how- 
ever, that  the  switch  should  be  of  some  considerable  length  than  that 
the  water  supply  should  be  remote  or  the  cane  in  distant  fields. 

The  problem  of  burning  the  exhausted  chips  has  not  yet  been  suc- 
cessfully solved  and  I  doubt  very  much  whether  it  will  be.  *  Save  the 
softening  which  the  chips  undergo  in  the  process  of  diffusion  the 
difficulty  of  expressing  the  water  from  them  is  as  great  as  that  of 
expressing  the  juice  from  fresh  chips.  Thus  to  dry  the  chips  suffi- 
cientlv  to  make  them  economical  for  fuel  would  require  a  vast  ex- 
penditure of  power  which  would  hardly  be  supplied  by  the  increased 
supply  of  steam  generated  by  their  combustion.  Experiments  dur- 
ing the  season  of  1887-'88  at  Magnolia  plantation,  Louisiana,  showed 
that  an  ordinary  cane-mill  was  poorly  adapted  to  the  pressure  of  ex- 
hausted cane  chips.  The  feeding  of  the  mill  was  difficult  and  the 
amount  of  fuel  produced  seemed  wholly  disproportional  to  the  ex- 
pense of  preparing  it.  It  has  been  proposed  to  try  the  process  used 
for  extracting  the  water  from  beet  pulp  for  the  purpose  ot  drying  sor- 
ghum chips.  There  is  nothing  whatever  in  the  experience  of  the  beet- 
sugar  factories  to  warrant  the  belief  that  such  a  process  would  render 
the  chips  sufficiently  dry  to  burn.  Although  I  would  not  be  consid- 
ered as  discouraging  any  further  attempts  m  the  direction  of  prepar- 
ing sorghum  chips  for  fuel,  I  must  be  allowed  to  express  the  belief 
that  for  some  time  to  come  coal  must  be  relied  upon  solely  for  this 
purpose. 

If  the  chips  are  to  bo  successfully  burned  in  the  future,  we  may 
make  up  our  mind  that  it  will  have  to  be  done  by  previous  pressure 
in  mills  which  in  all  their  appointments  shall  be  as  strong  and  effi- 
cient as  those  which  have  been  in  use  for  expressing  the  juice  from 
cane.  It  can  not  be  hoped  that  these  chips  will  be  made  sufficiently 
dry  by  exposing  them  to  the  sun,  and  in  artificial  desiccation  the 
amount  of  fuel  required  would  be  almost  as  great  as  that  used  in  the 
evaporation  of  the  original  juice.  It  is  claimed  that  at  Wonopringo, 
in  Java,  as  reported  in  the  New  Orleans  Item  of  December  16, 
1888,  the  Fives-Lille  Company  has  succeeded  in  drying  the  chips  by 
passing  them  tlirough  two  powerful  three-roll  mills ;  and  that  the 
chips  thus  dried  do  not  contain  more  than  55  per  cent,  of  moisture 
ana  burn  readily  in  an  automatic  furnace  invented  by  Godillot.  If  it 
be  assumed  that  100  pounds  of  chips  contain  10  pounds  of  combusti- 
ble matter  it  is  seen  that  nearly  80  pounds  of  water  will  have  to  be 
expressed  therefrom  before  they  are  fiit  for  fuel.   .  I  am  doubtful 

*  Experiments  made  since  the  above,  was  written  seem  more  favorable  to  the  suc- 
cessful burning  of  the  chips. 
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whether  such  a  process  will  prove  profitable  save  in  countri^is  where 
fuel  is  very  dear  as  it  is  in  Java  and  Cuba. 

Cost  of  factory » — It  ij^  an  altiiost  univei'sal  experience  that  the  actu^ 
cost  of  a  sugar  factory  is  underestimated  by  tnose  who  undertake  Itfi 
erection.  Many  of  the  disasters  which  have  attended  the  manufact- 
ure of  sorghum  sugar  have  been  due  to  a  miscalculation  of  the  cost 
'  of  the  apparatus  necessary  for  the  purpose.  It  is  the  part  of  wisdom 
to  avoid  mistakes  of  this  kind,  and  before  undertaking  the  erection 
of  a  factory  to  fully  understand  the  amount  of  outlay  which  will  be 
required.  The  cost  of  a  factory  will  of  course  vary  according  to  itft 
capacity  and  the  character  of  the  machinery  and  building  erected. 
In  my  opinion  there  is  little  economy  in  using  cheap  machinery, 
hastily  and  poorly  put  together.  Success  is  more  likely  to  be  obt-ained 
by  using  the  very  best  machinery  which  has  been  devised  for  Sugar* 
making  purposes^  and  erecting  it  in  a  lasting  and  substantial  manner. 
The  economy  which  is  secured  in  operating  such  machinery  fat  ex- 
ceeds that  which  would  be  obtained  by  erecting  a  cheaper  jplant. 
The  character  of  the  plant  must  also  be  taken  into  consideration;  it 
should  be  sufficiently  large  to  allow  a  proper  distribution  of  all  P^^ 
of  the  machinery  without  crowding,  and  sufficiently  strong  to  aiford 
a  proper  support  for  such  portions  thereof  as  may  rest  upon  it.  Due 
regara  shomd  also  be  paid  to  risks  of  fire,  and  that  portion  of  the  fac- 
tory especially  exposed  to  Such  dangers  should  be  made  as  nearly  as 
possible  fire-proof.  The  plans  and  specifications  for  all  the  machinery 
should  be  carefully  prepared  under  the  direction  of  a  competent  en- 
epneer  and  architect,  and  the  machinery  furnished  by  manuf acturinff 
nrms  whose  experience  and  reputation  are  a  guaranty  of  the  excel- 
lence of  their  work.  For  a  comjplete  factory  capable  of  Working  300 
tons  per  day  the  cost  may  be  estimated  at  $60,000  for  a  minimum  and 
$100,000  for  a  maximum,  the  diif erence  being  caused  by  the  elaborate- 
ness of  the  work.  This  may  seem  a  large  sum,  but  it  is  highly  im*- 
portant  that  intending  investors  should  Know  the  magnitude  of  the 
undertaking  which  they  propose.  An  estimate  which  exceeds  the 
actual  outlay  by  610,000  will  be  far  more  satisfactory  to  all  parti 
concerned  tnan  one  which  falls  short  of  it  by  the  same  amount. 

Technical  and  chemical  control. — The  manufacture  of  sugar  from 
sorghum  is  no  mysterious  process  known  only  to  one  or  two  persons 
as  attempts  have  beenmacfe  to  establish;  nevertheless,  it  must  be  un- 
derstood that  without  experience  in  the  manufacture  of  sucar  the 
most  competent  engineer  may  fail.  It  is  best, therefore,  that  intend* 
ing  investors  understand  thijS  beforehand  that  they  may  be  able  to 
secure  some  one  to  take  charge  of  the  manufacture  oi  sugar  who 
thorouglily  understands  the  needs  of  tlie  business  and  has  had  some 
experience  in  the  conduct  thereof.  Perhaps  there  are  not  more  than 
fifteen  or  twenty  such  men  now  in  tlie  United  States,  but  their  num- 
ber will  be  largely  increased  within  a  sliort  time.  It  would  seem, 
therefore,  that  the  number  of  factories  which  could  be  successfully 
operated  in  tlie  next  year  or  two  is  limited,  and  this  fact  sliould  be 
taken  into  careful  consideration  by  those  intending  to  invest  money 
in  the  business.  An  intelligent  young  man  of  good  education,  witn 
quick  perceptions  and  of  industrious  habits^  would  be  able  in  one 
year»  with  a  sorghum-sugar  factory,  to  obtain  a  knowledge  which 
would  enable^  him  to  take  charge  of  a  factory  with  some  degree  of 
success  on  his  own  responsibility.  One  object  which  the  Depart- 
ment has  had  in  view  in  its  experiments  has  been  in  having  them 
open  not  only  to  public  inspection  but  to  careful  technical  study  to 
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such  persons  as  chose  to  make  the  attempt.  It  is  to  be  regretted 
that  at  least  one  company,  who,  through  the  coui*te8y  of  the  Com- 
missioner of  Agriculture,  was  permitted  to  use  a  large  amount  of 
machinery  belonging  to  the  Department,  have  so  far  forgotten  their 
obligations  to  the  public  as  to  refuse  permission  for  a  technical  study 
and  report  on  their  operations  during  the  past  year.  Public  property 
is  devoted  to  a  poor  purpose  when  used  in  such  a  man!ier. 

The  importance  of  cliemical  control  of  the  manufacturing  work  is 
so  evident  that  I  need  not  dwell  upon  it  long.  The  vagaries  of  the 
sorghum  plant  are  so  pronounced  as  to  require  the  careful  supervis- 
ion of  the  chemist  at  all  times.  In  localities  not  far  removed  diii'er- 
ences  in  the  character  of  the  sorghum  are  most  marked,  as  illustrated 
'by  the  data  obtained  at  Conway  Springs  and  Douglass,  Kans.,  dur- 
ing the  past  year.  To  determine  tne  fitness  of  the  cane  for  the  man- 
ufacture of  sugar,  control  the  workings  of  the  factory,  and  find  and 
remove  the  sources  of  loss  in  the  sugar-house  are  duties  which  can 
be  committed  only  to  the  chemist.  For  many  years  at  least  this  chem- 
ical supervision  will  be  necessary  and  its  utility  will  always  con- 
tinue. 

PROGRESS  OP  DIFFUSION  WI^H  SUGAR  OANB. 

Two  plantations  are  using  the  process  of  diffusion  during  the  pres- 
ent season  for  the  extraction  of  sugar  from  sugar  cane.  These  are 
''Sugar  Land"  plantation  of  Colonel  Cunningham  in  Texas,  and 
the  Magnolia  plantation  of  Governor  Warmoth  in  Louisiana.  The 
latest  reports  from  the  **  Sugar  Land  "  plantation  I  found  in  the  //^m 
of  December  15,  1888.  At  that  time  it  is  reported  that  over  2,000,000 
pounds  of  sugar  had  ])een  made  and  the  diffusion  battery  was  work- 
mg  up  from  800  to  350  tons  of  cane  a  day.  It  is  also  reported  that 
an  average  of  194  pounds  of  sugar  is  made  per  ton.  From  the  anal- 
yses of  tlie  cane  reported  in  the  Item  of  [November  28, 1888,  it  ap- 
pears that  tlie  juice  has  about  12  per  cent,  of  crystallizable  sugar.  The 
success  of  the  operation  seems  to  be  fully  assured. 

The  working  of  the  battery  at  Magnolia  is  also  satisfactory.  The 
analysis  of  the  caue  shows  tnat  it  is  extremely  rich  in  sugar.  In  the 
Item  of  December  4,  it  is  reported  that  the  juice  contained  13.7  to  16.6 
per  cent,  of  sugar.  A  polarization  had  been  made  showing  as  high 
as  19.2  per  cent. 

Under  date  of  December  9,  Mr.  G.  L.  Spencer  writes  as  follows: 

Diffusion  is  workinpc  to  every  one's  Batisf action.  We  have  had  a  great  many  de- 
lays, almost  all  of  wliitjh  were  caused  by  the  Yaryan  quadruple-effect  pan.  Gov- 
ernor Warmoth  had  the  apparatus  overhauled  tnis  morning  and  found  that  the 
exhaust  pijyQ  from  the  putup  opens  into  the  second  effect,  making  a  preeeure  pan  of 
this  when  working  with  inore  than  3  or  4  pounds  of  steam.  This  defect  has  been 
remedied  and  we  hope  everything  will  be  all  ri^ht  now.  The  cutter  gave  a  great 
deal  of  trouble  at  first,  so  much  that  We  thought  it  would  be  necessary  to  abandon 
it.  Finally  two  holes  cut  in  the  side  of  the  casting  opposite  the  cutting  disk  relieved 
it,  so  now  it  is  working  well.  W©  can  cut  a  cell  of  chips  averaging  2^864  pounds  in 
seven  and  one-half  minutes.  The  dilution  wiU  probably  surprise  you.  1  intended 
starting  with  a  dilution  of  83  per  cent.,  but  by  a  mistake  in  measurement  I  started 
with  5()  per  cent.  With  50  per  cent,  dilution  we  left  from  .28  to  .70  pet  cent,  sucroae 
in  the  chip  juice.  I  gradually  reduced  the  dilution  until  it  dropped  to  14.8  per  cent., 
leaving  about  .70  to  1  per  cent,  of  sucrose  in  the  exhausted  chip  juices.  We  have 
finally  commenced  running  with  a  dilution  of  21  per  cent.,  leaving  .42  per  cent,  of 
sUoroiBo  in  the  exhausted  chip  juices.  With  pul}>ed  cane,  such  as  Hughess  ap)mratus 
gives.  I  would  be  willing  to  guaranty  a  dilution  of  only  18  per  cent,  and  to  leave  lees 
than  .50  per  cent,  of  sugar  in  the  exhausted  chips.  We  tned  the  use  of  lime  in  the 
cells.  Priactically  when  making  white  sugar  we  can  not  work  the  battery  hot  enough 
to  obtain  clean  juice.    We  try  to  keep  the  battery  at  about  90^*  C. 
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Further  experiments  have  also  been  in  the  application  of  diffusion 
to  sugar  cane  by  Prof.  W.  C.  Stubbs  at  the  Kenner  sugar  experiment 
station.  A  full  report  of  this  work  will  be  published  in  a  forthcom- 
ing bulletin  of  that  station.  In  the  Loidsiana  Planter  and  Sugar 
Mamifacturer  of  December  1,  1888,  a  report  is  found  on  a  part  of  tho 
work  done.  As  high  as  240  pounds  of  sugar  have  been  obtained  per 
ton  of  cane.  The  results  of  the  work  are  in  every  way  encourag- 
ing. 

From  the  above  it  is  seen  that  diffusion  with  sugar  cane  is  an  as- 
sured success  and  we  may  expect  to  see  it  gradually  displacing  the 
milling  process  throughout  the  sugar-producing  world. 

The  use  of  lime  in  the  diffusion  haitery, — The  use  of  carbonate  of 
lime  in  the  diffusion  battery  and  the  patent  obtained  for  this  process 
by  Prof.  Magnus  Swenson  are  fully  discussed  in  Bulletin  No.  17,  pp. 
61  et  seq. 

Since  the  publication  of  this  bulletin  and  Bulletin  No.  14,  further 
experiments  at  Conway  Springs  have  demonstrated  that  the  method 
originally  proposed  by  me  for  the  use  of  lime  to  prevent  inversion 
in  the  battery  by  evenly  distributing  finely  divided  lime  upon  the 
fresh  chips  has  proved  satisfactory.  An  apparatus  constructed  by 
Mr.  E.  W .  Demmg  succeeded  fairly  well  in  evenly  distributing  over 
all  the  chips  entering  the  cell  the  lime  in  such  fine  state  of  division 
as  to  prevent  anj^  portion  of  the  contents  of  the  cell  from  becoming 
alkaline.  The  lime  was  prepared  by  air  slaking  and  sifting  through 
a  fine  sieve  into  a  barrel  covered  by  a  cloth  to  protect  the  laborer. 

During  the  past  year  the  use  of  lime  in  the  diffusion  battery  for 
clarifying  the  juices  has  received  a  good  deal  of  attention.  The  first 
person  who  proposed  this  process  and  took  out  a  patent  upon  it  was 
Mr.  O.  B.  Jennings.  Letters  patent  No.  287544,  dated  October  30, 
1883,  were  issued  to  Mr.  Jennings  on  an  application  filed  on  the  2d  of 
April,  1883.     Following  is  an  abstract  of  Mr.  Jennings's  patent : 

Be  it  known  that  I,  Orlando  B.  Jennings,  of  Honey  Creek,  in  the  county  of  Wal- 
worth and  State  of  Wisconsin,  have  invented  certain  new  and  useful  improvements 
in  the  manufacture  of  sugar  from  sugar-cane,  sorghum,  maize,  and  other  plants  of 
which  the  following  is  a  full,  clear,  and  exact  description: 

This  invention  relates  to  the  manufacture  of  sugar  from  different  sugar-produc- 
ing plants,  including  sugar-cane,  maple,  sorghum,  and  maize;  but  it  has  more  espe- 
cial reference  to  defecating  the  juice  in  the  stalks  of  sugar-cane,  sorghimi,  and 
maize  and  extracting  the  juice  from  the  residue  or  bagasse  for  subsequent  boiling 
into  sugar  and  sirup. 

In  making  sugar  from  sugar-producing  plants  with  my  invention,  it  is  my  purpose 
to  exti*act  and  utilize  all  of  the  saccharine  juice  and  to  obtain  entire  control  of  its 
defecation,  so  as  to  make  a  sirup  free  from  foreign  matter  and  elements  of  fer- 
mentation. By  it  the  juice  in  evaporating  is  free  from  skimmings  or  precipitates 
that  are  always  liberated  in  the  ordinary  method  of  extracting,  which  waste  my  in- 
vention avoids. 

Aj)plied  to  the  manufacture  of  su^ar  from  cane  and  other  stalks  the  invention 
consists  in  a  process  of  preparing  said  stalks  for  the  more  perfect  extraction  of  the 
juice  by  reducing  the  same  to  a  finely-comminuted  or  dust-like  condition,  and 
whereby  the  juice  cells  are  thoroughlv  crushed  and  ruptured.  This  part  of  the  in- 
vention also  includes  a  combination  of  circular  saws,  forming  a  conipound'saw,  for 
reducing  the  canes  or  stalks  to  such  finely-comminuted  condition,  likewise  sprink- 
ling or  mixing  with  said  dust,  before  defecation,  dry  lime  or  lime  whitewash  in 
pjowder.  Such  lime  combines  with  the  acid  in  the  dust,  and  upon  suitable  applica- 
non  of  heat  to  the  whole  forms  double  precipitation  at  one  and  the  same  time. 

Furthermore,  the  invention  consists  in  a  process  of  precipitating  the  matter  in 
the  cane-juice  cells  and  cane  pulp,  or  in  the  juice  of  any  sugar-producing  plant, 
however  obtained,  by  exposing  the  juice  or  material  under  treatment  to  a  tempera- 
ture of  over  212°  Fahr.,  and  subsequently  removing  the  juice  from  the  wooay  or 
precipitated  matter  by  washing  the  same  with  currents  of  water.    In  carrying  oat 
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this  part  of  the  invention  I  use  a  cylinder  or  other  suitable  vessel  in  which  the  tem- 
perature is  raised  to  the  required  degree  (about  212**  Fahr.)  for  defecation  and  precipi- 
tation of  the  matter  capable  of  being  precipitated,  whether  the  same  be  contained 
in  sugar-cane,  sorghum,  and  maize  stalks,  reduced  to  dust  or  not,  or  in  any  saccha- 
rine juice,  including  maple  sap,  the  temperature  varying  from  228"  to  267**  Fahr.,  ac- 
cording to  the  ripeness  of  the  material  under  treatment  and  other  conditions.  This 
vessel  IS  suitably  constructed  or  provided  with  means  to  admit  of  the  introduction 
of  the  material  to  be  treated;  also,  to  provide  for  the  forcing  out  of  the  exhausted 
bagpasse  or  refuse,  and  for  the  introduction  of  steam  while  and  after  charging  it; 
likewise,  steam  to  act  upon  the  condensed  water  and  released  juice  and  force  them 
out  through  a  filter.  Means  are  also  provided  for  running  the  wash  water  from  a 
series  of  tonks  in  succession  through  said  vessel,  to  act  ujwn  the  charge  therein, 
and  an  nn*angement  of  defecating-tcmk  connections  for  introducing  scum,  sedi- 
ment, and  sweet  wash-water  upon  a  succeeding  charge. 

In  the  process  of  extracting  the  saccharine  matter  of  cane,  the  mixing  with  tlie 
comminuted  cane,  before  the  passage  of  the  same  into  the  diffusing  apparatus  and 
the  defecating  of  the  same,  of  diy  lime  or  lime  whitewash,  whereby  the  material 
will  be  thoroughly  defecated  without  the  liability  of  the  admixture  therewith  of  the 
precipitate  of  the  lime,  substantially  as  described. 

The  combination,  with  the  diffusing  tank  of  one  or  more  defecating  tanks  to 
which  tlie  juice  is  delivered  from  the  diffusing  tank,  and  pipes  provided  with  valves 
for  drawing  the  skimmings,  settlings,  and  sweet  water  from  said  defecating  tank 
or  tanks  and  passing  the  same  into  the  diffusing  tank  or  vessel,  essentially  as  and 
for  the  purposes  herein  set  forth. 

In  combination  with  the  defecating  tank,  diffusing  tank,  and  a  suitable  evapor- 
ator, tlie  settling  tank  provided  with  a  discharge  pipe  for  running  the  juice  into  evap- 
orator, and  witn  means  for  passing  its  sediment  into  the  diffusing  tank,  substan- 
tially as  described. 

It  is  seen  that  Mr.  Jennings  makes  a  broad  claim  for  the  applica- 
tion of  the  process  of  clarincation  iil  the  diffusion  apparatus  for  all 
sugar-producing' plants.  Mr.  Jennings  lias  claimed  that  the  process 
devised  by  the  JDepartment  for  the  use  of  lime  to  prevent  inversion 
in  the  battery  is  an  infringement  on  his  method.  Any  one  who  will 
carefully  examine  Mr.  Jennings's  claim,  as  set  forth  by  himself  in  his 
application  for  a  patent,  will  see  that  the  two  processes  are  entirely 
different  not  onlv  in  principle  but  in  the  method  of  application. 

In  a  letter  to  the  Rural  TVorldy  published  on  the  13th  of  December, 
1888,  I  endeavor  to  make  this  matter  clear.  Following  is  a  copy  of  the 
letter: 

WAsmNOTON,  D.  C,  December  1,  1888. 
Editor  Rural  World' 

1  liave  read  in  the  Rural  World  of  the  28d  of  November  the  letter  from  O.  B. 
Jennings,  of  Grover,  Colo. ,  in  regard  to  his  patent  for  clarifying  cane  juices  in  the 
diffusion  battery. 

Mr.  Jennings*  is  laboring  under  the  mistake  that  I  have  been  using  his  process  and 
spending  five  years  on  what  he  showed  me  how  to  do  at  first.  Tma  is  a  complete 
misapprehension  of  the  case.  I  have  never  denied  to  Mr.  Jennings  the  honor  of  in- 
ventmg  the  method  of  clai-ifying  cane  juices  in  the  diffusion  battery;  in  fact,  long 
before  his  let'er  in  your  paper  appeiu*ed  I  vTrote  a  note  to  the  New  Orleaiis  City 
Itenif  specincallv  claiming  for  him  the  honor  of  the  invention  which  had  been  at^ 
tributea  to  another  source. 

It  is  important  to  sugar-makers,  either  present  or  prospective,  to  know  the  follow- 
ing points,  viz: 

(1)  The  process  of  using  carbonate  of  hme  in  the  diffusion  battery  is  a  patented 
process  which  can  only  be  used  under  royalty  or  by  permission  of  the  inventor,  Pro- 
fessor Swenson. 

(2)  The  process  of  clarifying  the  cane  juices  in  the  diffusion  batteir  is  a  patented 
process  and  can  only  be  employed  under  royalty  or  by  permission  of  the  inventor, 
Mr.  O.  B.  Jennings,  of  Grover,  Colo. 

(3)  The  use  of  dry  lime  or  lime  in  any  form  in  the  diffusion  battery  to  prevent  in- 
version is  a  process  devised  by  the  Department  of  Agriculture  and  offered  free  to  all 
sugar-growers  in  this  country.  Under  proper  chemical  control  it  is  more  efficient 
than  the  use  of  carbonate  of  mne.  * 
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I  will  ftay  further  that  I  have  never  tiied  in  any  way  to  use  Mr.  Jennings'^  proceM, 
since  In  an  ordinary  diffusion  battery  it  would  l>^  wholly  impossible  to  do  so.    The 
high  temperature  which  he  requires  for  the  proper  clarification  of  the  juices  would 
render  the  circulation  of  the  liquid  in  the  battery  aluirwt  impossible. 
Respectfully, 

H.  W.  WILEY, 

Chemigt, 

The  process  of  using  lime  in  the  diffusion  battery  for  clarifying 
purposeB  it  is  claimea  has  been  successfully  practiced  in  Java^^ana 
Australia. 

Prof.  W.  0.  Stubbs  has  also  used  it  with  success  at  the  sugar  ex- 
periment station  at  Kenner,  La. 

Col.  E.  H.  Cunningham,  of  Sartartia,  Tex.,  has  also  used  the  pro- 
cess with  success,  as  indicated  by  the  following  letter  from  him  pub- 
lished in  the  Louisiana  Planter  of  December  1.  1888: 

My  diffusion  battery  is  now  working  nicely,  and  I  am  very  much  gratified  at  the 
results  obtained.  Diffusion  is  a  success  beyond  a  doubt.  I  am  now  working  sugars 
by  running  the  juice  direct  from  the  diffusion  cells  to  the  double  effects  without 
any  clarification,  except  usinjj  a  little  lime  in  the  diffusion  cells. 

I  shall  be  glad  to  have  a  visit  from  you  or  any  of  your  friends  who  feel  an  interest 
in  diffusion. 

The  process  of  ordinary  clarification  in  my  opinion  is  more  favor- 
able to  the  production  of  a  pure  sugar  than  any  form  of  clarification 
in  the  cells  of  the  battery.  The  process  as  practiced  at  Kenner  and 
Sugar  Lands,  however,  differs  from  that  described  by  Mr.  Jennings 
in  working  at  a  lower  temperature. 

COMPARISONS  OF   TOTAL    SOLIDS    DETBRMINED    BY  SACCHaR0MET8» 

AND  DIRECT  DRYING. 

During  the  seaeon  of  1887  I  instructed  the  chemists  at  the  Fort 
Scott  station  to  make  a  series  of  comparisons  between  the  total  solids 
as  determined  by  our  standard  saccharometer  and  by  direct  weighing. 
The  desiccations  were  to  be  made  in  flat  dishes  partly  filled  with 
loose  asbestos  or  clean  sand.  The  purity  coeflicient  of  the  juice  as 
shown  by  the  spindles  appeared  too  low  to  permit  so  large  a  yield  of 
dry  sugar.  As  was  expected,  the  total  solids  as  determined  by  direct 
weighing  were  found  considerably  less  than  were  indicated  by  the 
spindles.  The  ratio  of  each  variation  was  not  the  same,  but  a  large 
number  of  determinations  established  a  mean  rate  of  variation  which 
will  make  it  possible  to  approximately  correct  the  reading  of  the 
common  spinale.  At  Magnolia  last  year  similar  experiments  were 
made  with  the  iuices  of  ihe  sugar  cane,  but  these  were  not  extensive 
enough  to  fix  the  rate  of  variation  for  those  juices.  Following  ifl 
a  record  of  some  of  the  work  done  here: 

Comparison  of  total  solids. 


No. 

Total  solids 

Total  solids 
dried  in  difOi 

by  spindle. 

Per  cent. 

Per  cent. 

6()29 

12.60 

11.98 

0065 

15.90 

18.  M 

6070 

13.  ao 

12.87 

0074 

V2.iiO 

11.48 

6075 

ll.!50 

11.04 

6078 

13.30 

19.60 

0079 

18.  (K) 

11.77 

6081 

12.  iO 

lioo 

6063 

16.30 

16.04 

Difference. 


.07 
.60 
.38 

.r« 

.40 
.45 
.58 
.50 
.26 


Total  solids 
in  hydrogen. 


Per  cent. 


10.94 
10.84 

ii.'si' 
n.65 


Difference. 


M 
TO 

*7i 
,86 
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Tlio  determinations  in  hydrogen  were  made  in  a  specially  con- 
structed apparatus  consisting  of  a  glass  cylinder  furnished  with  a 
glass  sto])pcr  carrying  two  tubes  with  stop-cocks  for  displacing  the 
air  with  an  atmosphere  of  hydrogen.  The  juice  was  absorbed  by  a 
dried-paper  coil  and  supported  in  the  cylinder  on  a  disk  of  wire  gauze 
resting  on  a  h^ad  tripod.  The  cylinder  contained  25  c.  c.  of  strong 
sulphuric  acid.  The  cylinder  carrying  the  coil  was  placed  in  a  steam 
bath  filled  with  dried  hydrogen  at  100°.  The  stop-cocks  were  then 
closed  and  tlie  whole  a})naratiis  left  at  the  temperature  of  the  steam 
for  five  hours.  The  sulphuric  acid  absorbed  all  the  moisture,  and 
after  cooling  and  filling  the  cylinder  with  dried  air  the  Coil  was  re* 
moved  and  weighed  in  a  closed  holder. 

The  determinations  in  fiat  dishes  were  made  by  drying  8.6  to  3 
grams  of  the  juice  at  10:2°  for  five  hours.  Scarcely  any  difference 
was  noticed  between  tlie  results  given  by  the  plain  dishes  and  those 
filled  with  sand  or  asbestos,  except  in  the  worlc  at  Conway  Springs. 

In  the  determinations  made  here  in  plain  dishes  the  percentage  of 
total  solids  was  4.08  per  cent,  less  than  by  the  spindle.  In  the  de* 
terminations  in  hydrogen  they  were  G.94  per  cent.  less.  The  deter- 
minations in  hydrogen,  therefore,  will  show  2.86  per  cent,  less  total 
solids,  calculated  on  the  number  given  by  the  spindle,  than  those 
obtained  by  dryinc^. 

At  Douglass,'  Kans.,  the  normal  juice,  calculated  on  the  data  fur- 
nished by  the  spindle,  showed  a  loss  of  8.61  per  cent,  in  total  solids 
when  dried  in  open  dishes. 

At  Conway  Springs  this  loss  in  plain  dishes  was  7.24  per  cent.,  and 
in  asbestos  8.23  per  cent. 

WithditFusion  juices  these  losses  were  for  Douglass,  11.34  per  cent., 
and  for  Conway  Springs,  9.07  per  cent,  in  plain  dishes  and  10.83  per 
cent,  in  as])estos. 

Tlio  mean  loss  for  normal  juices  at  Douglass  and  Conway  Springs 
was  8.30  per  cent. 

For  tlie  dift'usion  juices  the  mean  loss  was  10.61  per  cent. 

It  a|)poars,  tlierefore,  that  a  saccharometer  of  the  standard  Brix 
variety  as  standardized  by  pure  cane-sugar  solution  must  be  cor- 
rected by  fully  10  per  cent,  of  its  readings  in  order  to  give  an  ap- 
proximately true  indication  of  the  total  solids  found  in  the  difi^usion 
juico  of  Kansas  sorghum.  For  sorghum  grown  in  New  Jersey, 
whicli  was  the  source  of  most  of  the  juices  examined  here,  the  cor- 
rection will  ])e  only  about  7  per  cent. 

I  am  haviuiJ:  constructed  some  saccharometers  with  scale  to  read 
as  indicatf^l  hy  the  above  corrections. 

The  aj)parpnt  i)urities  of  the  sorghum  juices  will  be  considerably 
raised  by  this  correction.  Thus  at  Douglass  the  purity  of  the  nor- 
mal juice  is  raised  from  59.63  per  cent,  to  65.31  per  cent.,  and  at 
Conway  Springs  from  66.70  to  7^.76  per  cent.  The  purity  of  the 
diffusion  juices  of  the  two  localities  is  raised  from  58.69  to  66.86 
per  cent,  and  6-3.92  to  71.13  per  cent.,  respectively. 

SUMMARY. 

It  has  been  my  duty  during  the  past  few  years  to  report  the  facts 
concerning  the  sorghum  industry  as  they  were  developed  by  the  re- 
searches of  the  Department  and  of  others.  These  facts  have  been  of 
a  varied  nature;  sometimes  they  have  been  favorable  to  the  induitfy 
and  sometimes  unfavorable,  but  in  all  cases  they  have  been  fully  set 
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forth  and  commented  on  in  the  light  of  the  knowledge  at  hand.  In 
these  investigations  I  have  been  unmoved  by  the  abuse  of  interested 
parties  which  I  have  received  on  account  of  my  unwillingness  to 
conceal  the  weak  points  of  sorghum.  It  was  thought  when  JouUetin 
No.  18  was  issued  that  the  experimental  work  on  the  part  of  the  De- 
partment with  sorghum  was  finished,  and  in  that  bulletin  a  summary 
was  made  of  the  investigations  conducted  in  the  United  States  during 
the  past  twenty-five  years.  In  that  bulletin  I  expressed  the  beli^ 
that  with  cane  as  rich  as  had  bee^  produced  in  Kansas  on  a  large 
scale  it  was  probably  that  a  yield  of  from  80  to  90  pounds  of  sugar 
per  ton  of  clean  cane  can  be  secured.  The  results  of  the  past  year 
confirm  me  in  this  opinion,  and  indicate  that  with  wise  management 
and  careful  control,  and  proper  selection  of  locality,  the  sorghum- 
sugar  industry  may  be  financially  successful.  In  jjrevious  pages  I 
have  endeavored  to  set  forth  carefully  some  of  the  things  whicn  must 
be  considered  in  order  to  secure  the  above  result;  but  it  must  be  re- 
membered that  my  individual  opinion  is  simply  based  upon  the  study 
of  the  facts  which  have  been  sot  forth.  These  data  are  accessible  to 
every  one  who  cares  to  make  a  careful  study  of  the  subject,  and  there- 
fore each  one  interested  has  every  opportunity  to  form  his  own  opin- 
ion concerning  the  matter.  Since  it  is  my  business  to  investigate 
rather  than  to  theorize  I  have  contented  myself  chiefly  with  reporting 
facts  rather  than  expounding  theories. 

ABSTRACT  FROM  REPORT  OF  H.  A  HUGHES. 

Rio  Grande,  N.  J. 

The  whole  season  of  this  year  has  been  devoted  entirely  to  experimental  work, 
with  the  object  of  securing  additional  Ught  on  crop-growing,  manufacturing,  and 
commercial  problems. 

The  past  season  was  the  end  of  a  series  of  crop-growing,  covering  a  period  of  nine 
years,  and  fully  confirmed  the  fact  that  the  safe  time  for  planting  Orange  cane,  af- 
ter allowing  for  variations  of  climate,  had  passed. 

Analyses, 


Description. 


Amber 

Kansas  Orange 
Late  Orange  .. 


Sucrose. 

Brix. 

Purity. 

Percent. 
7.35 
8.47 
0.74 

o 

13.70 
14.21 
12.01 

.'is.eo 

69.00 
53.80 

The  limit  of  crystallization  can  be  marked  at  5»5  jyer  cent,  purity.  Ci*ystals  can  be 
formed  below  this  degree,  but  they  are  difficult  to  separate  m  the  centrifugals. 

The  Late  Orange  was  mostly  below  the  crystallization  point,  and  although  crystals 
were  attempt<Ml  by  the  sugar-maker,  in  order  to  find  out  the  limit  at  which  graining 
takes  place,  and  several  pans  were  actually  grained,  the  grains  were  so  small  that 
conclusions  were  reached  adverse  to  the  boiling  for  sugar  of  such  material. 

The  following  deductions  are  made  from  the  analysis  of  more  than  88,000  tons  of 
cane,  and  cover  a  period  of  nine  years.  This  table  will  be  found  convenient  for  ref- 
erence, under  the  heading  of  season  1880  to  1888,  inclusive.  It  must  be  borne  in  mind 
that  these  facts  will  only  strictly  apply  to  this  climate  and  this  soil;  but  until  it  can 
be  proved  that  they  will  not  applv  elsewhere,  it  will  serve  as  a  ffuide,  and  should  be 
interpreted  by  taking  into  consideration  the  fertilizers  used,  the  variations  of  the 
seasons,  and  the  nature  of  the  plant. 

Season  1880. 

Ripening  of  the  cane  was  traced  with  tlie  polariscope,  and  when  14  per  cent,  of 
sugar  was  reached  cutting  began;  and  during  the  short  time  required  to  harvest  it 
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no  damage  was  received  from  winds  or  frosts.  The  juice  was  reduced  to  semi-sirup 
in  an  open  evaporator,  and  three  weeks  later  was  shipped  to  Philadelphia  and 
"worked  for  sugar,  marking  firsts,  seconds,  and  thirds.  The  cane  was  planted  in 
liills  4  feet  apart,  and  sufficient  plant  food  used. 

The  impression  made  by  this  crop  was  that  rich  cane  could  easilv  be  grown  on 
poor  land,  and  that  with  a  little  moi-e  fei-tihzing  large  crops  could  be  made.  It 
has  since  been  f oimd  by  long  and  costly  experiment  that  all  the  conditions  for 
Amber  cane  were  most  favorable  excepting  tliat  a  largo  tonnage  could  only  have 
been  secured  by  proportionately  fertilizing. 

Season  1881. 

• 

Farmers  raised  the  entire  crop.  The  acreage  was  not  known.  It  was  proved 
this  year  that  with  seed  from  the  same  lot  some  farmers  grew  cane  14  per  cent,  of 
sugar  in  the  juice,  while  others  grew  it  with  only  6  per  cent.  Many  conjectures 
-were  made,  and  the  impression  prevailed  that  some  lands  were  suitable  for  cane 
and  others  unsuitable.  It  was,  however,  apparent  that  all  who  had  the  best  repu- 
tations for  farming  raised  the  highest  testing  canes. 

Season  1882. 

Cane  was  grown  by  the  comx)any.  Pacific  guano  high  in  nitrogen  was  used,  and 
only  Amber  cane  was  planted.  The  Late  Orange  cane  was  grown  only  in  sufficient 
quantity  to  supply  seed  for  the  next  year.  Tlie  nitrogen  had  the  effect  to  keep  the 
cane  leaves  green  for  a  long  time,  and  even  after  frosts  the  cane  remained  in  good 
condition,  and  was  on  November  4  higher  in  sugar  than  on  September  4.  Since  we 
have  had  less  nitrogenous  fertilizing  and  more  i  other  plant  food  this  variety  had 
steivdily  fallen  in  test,  and  the  period  during  which  it  retains  its  highest  sugar  con- 
tent has  been  shortened.  It  is  not  safe  to  depend  on  this  variety  of  cane  for  the 
whole  season  even  if  nitrogen  is  used  largely  with  other  plant  food,  because  of  its 
tendency  to  lodge  and  break  with  high  winds. 

Season  1883. 

Yard  composts  and  begasse  were  used  in  such  small  quantities  that  the  nitrogen 
did  not  stand  out  prominently.  The  Amber  had  gone  by  its  season  before  October 
8,  and  had  not  the  Lat«  Orange  been  substituted  this  season  for  sugar-making 
would  have  ended  on  that  day  instead  of  November  14,  when  the  crop  was  all  in. 

Season  1884. 

Stable  manure  in  large  quantities,  also  a  dressing  of  dissolved  bone  asli  from 
South  America,  rich  only  in  phosjihoric  acid,  was  used. 

The  phosphoric  acid  rij)ened  tlie  cane  fully  two  weeks  earlier  than  usual,  and 
altl;iougli  the  leaves  were  dry  the  Amber  cane  held  its  sugar  content  without  loss, 
until  woriied  up  on  October  11.  The  Late  Orange  was  affected  in  the  same  manner, 
according  to  its  season;  and  although  apparently  dried  up  too,  still  held  its  sugar. 

Mill-juice  tanks  containing  6,000  gallons  w^ere  quite  common,  testing  18  to  1<U  per 
cent,  of  cane  sugar  from  October  11  to  October  29,  after  which  time  there  was  a 
gradual  falling  off,  until  November  11,  when  the  tanks  stood  12  per  cent,  and  77 
purity;  this  ended  this  season,  as  the  crop  was  worked  up. 

The  small  experimental  plots  conducted  by  the  State  experiment  station  have 
always  showed  that,  by  doubling  the  dose  of  phosphoric  acid,  the  cane  sugar  falls 
off  seriously;  but  as  it  is  my  intention  to  deal  only  with  caue  in  immense  masses  as 
found  at  the  sugar-house,  I  merely  call  attention  to  this  fact. 

This  year  produced  nearly  400,000  pounds  of  merchantable  sugar,  and  there  was 
found,  by  adding  the  sugar  in  the  molasses  and  the  loss  in  the  begasse  as  it  camo 
from  the  mill,  tliat  over  1,500,000  pounds  of  sugar  were  in  the  crop. 

Molasses  only  was  made  from  the  begasse  this  season,  diffusion  being  for  the  first 
time  applied. 

Season  1885. 

No  phosphates  were  used,  and  there  was  not  enough  compost  to  properly  furnish 
nitrogen  to  tlie  cro]);  still,  the  nitrogen  was  felt,  and  whei^  the  season  commenced 
on  September  2,  the  cane  was  so  green  we  at  one  time  thought  it  would  be  better  to 
stop  work. 
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When  work  was  begun  the  Amber  cane  contained  5.04  per  cent,  of  cane  su/p^ 
anci  increased  to  8.8  per  cent,  on  September  29,  when  the  variety  was  all  brought 
in.  The  Ijate  Orange  cane  contained  10  per  cent,  of  sugar  when  first  cut,  and 
gradually  raised  to  12.57  per  cent.,  slowly  declining  to  iff  per  cent,  by  November 
11,  the  end  of  the  season.  This  crop  was  planted  practically  at  the  same  time  as 
the  crop  of  X884,  and  harvested  at  the  same  time.    Had  a  laige  quantity  of  nitro- 

fenous  f fertilising  been  used  the  sugar  contents  would  have  been  much  higher r 
mall  quantities  of  nitrogen  on  lands  deficient  in  organic  matter  will  make  popr 
crops.  This  was  our  experience  again  and  again,  and  to  secure  immense  crops 
high  in  sugar,  potash  should  be  combined  with  nitrogen. 

Season  1886. 

Small  quantities  of  nitrogenous  fertilizing  and  light  dressings  of  muriate  of  potash 
were  used.  The  crop  suffered  severely  for  lack  of  food.  During  the  season,  where 
plenty  of  nourishment  had  been  supplied,  the  crop  came  to  the  standard.  When 
this  was  not  the  case,  the  Amber  seed  remained  in  a  milky  state  for  a  long  time  and 
soured  as  it  stood  in  the  field,  after  three  days  of  abnormally  hot  weather,  making 
the  cane  unfit  for  sugar-making.  The  X^te  Orange  suffered  from  lack  of  nitrogenous 
fertilizing,  and  the  sugar  test  rose  ami  fell  in  proportion  as  this  food  and  potash 
were  present;  but,  being  a  longer  feeder,  it  did  not  suffer  throughout  the  season  so 
much  as  the  Amber. 

The  Kan9a»  Orange  was  introduced  this  year,  and  being  a  stranger,  the  ground 
wa3  properly  selected  and  composts  and  potash  applied  in  sufficient  quantities,  a 
la  per  cent,  cane,  with  purities  over  70°,  being  its  record.  The  record  of  the  Late 
Orange  cane  for  the  balance  of  the  season  is  high  and  low  test,  according  to  the 
land,  nnally  ending  with  the  orop  all  harvested  with  a  test  of  9.4o  per  cent.  This 
crop  discouraged  tne  sugar  compajjar  notwithstanding  the  gains  by  diffusion,  which 
process  had  been  introduced  in  18aS.  Local  agriculturists  pronounced  the  verdict 
that  the  lands  being  exhausted  by  continual  cropping  were  ruined  and  unfit  for  crop 
of  any  kind.  The  plantation  was  then  sown  in  clover;  no  fertilizing  was  done.  The 
farmers  laughed  at  the  notion  that  land  unable  to  grow  large  cane  crop  could  be 
expected  to  grow  grass;  but  it  did,  and  the  clover  crop  on  these  lands  has  been  un- 
precedented and  are  the  envy  and  wonder  of  local  farmers,  and  judging  the  land 
from  the  farmers'  own  stand-point,  it  is  to-day  in  better  condition  than  ever  before. 
The  clover  had  found  the  missing  nitrogen  and  furnished  organic  matter. 

A  lot  of  land  on  these  farms  grew  poor  cane  for  years,  and  in  1887,  instead  of 
planting  it  with  clover,  composts  and  potash  were  supplied  and  cane  planted;  by 
planting  the  ground  with  twice  the  number  of  hills  to  the  acre,  portions  of  the  land 
approximatea  28  tons  of  cane  to  the  acre. 

Sbabon  1887. 

The  oane  was  planted  from  May  9  to  June  3,  and  the  late  varieties  failed  to  ma- 
ture properly.  A  good  dressinj^  of  begasse,  yard  compost,  and  potash  was  U6ec(. 
The  crop  was  doubled  by  plantmg  3  feet  by  24  inches;  purity  ran  about  64°  and 
tests  were  good.  The  Late  Orange  cane  ripened  sufficiently  to  retain  its  sugar  in 
crystallizing  quantities,  through  frost  and  ice,  until  December  5.  Particulars  of 
this  season  ean  be  found  in  Bulletins  No.  17  anrl  18  of  the  Agricultural  Department, 
and  in  rejKjrts  of  the  New  Jersey  Experiment  Station.  A  small  plot  was  fertilized 
with  large  quantities  of  nitrogenous  manure  and  planted  with  Amber  seed  grown 
in  1886,  from  which  no  oane  sugar  could  be  made,  Tl\e  cano  was  tested  on  Septem- 
ber 7,  1887,  and  was  found  to  test  13,35  per  cent,  cane  sugar;  Brix,  17,21":  purity, 
78;  and  it  remained  a  long  time  after  in  fine  condition.  The  same  day  milled 
chiles  from  a  field  planted  from  the  same  lot  of  seed  and  fertilized  with  potash  and 
phosphoric  acid,  polarized  8.88  per  cent.,  and  had  a  purity  of  63.01, 

Season  1888. 

Only  complete  fertilizers  were  used  on  one  field,  and  muriate  of  potash  was  spread 
on  another  field  that  was  poor  and  had  never  been  in  cane.  The  hills  were  3  feet 
by  24  inches. 

Amber  cane  was  planted  on  May  18  and  Kansas  Orange  and  Late  Orange  from 
May  19  to  June  10.  A  cold,  wet  June  followed,  and  the  result  was  unripe  cane. 
The  crop  was  taken  off  between  September  23  and  November  1.  The  Amber  cane 
was  very  poor  in  sugar.  The  Kansas  Orange  ran  from  9.58°  to  8.25°.  The  stand  on 
one  field  of  Orange  (Kansas)  was  preserved  intact  from  cut  and  wire  worms  by 
patches  of  volunteer  canes  where  seed  had  been  stacked  y)reviously,  and  some  seed 
oad  been  left  on  the  ^ound.    The  worms  gathered  where  plants  were  the  thipkeBt^ 
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le£^vinR  the  hilla  almost  mamoleHted.  Wh&n  Urn  ravRgi^  wre  feared)  seed  could  be 
sprinkled  down  the  center  of  tha  row«,  and  afterward?  ba  dastroyad  by  tba  cnltiv^^ 
tor  without  extra  expense.  They  only  daetroy  while  tba  plftnta  ara  vary  iuaall  and 
disappear  with  the  return  of  dry,  hot  weather. 

The  Late  Orange  tested  from  6. 94  to  fi. 64  per  cent.  Scarcely  any  seed  on  this  variety 
was  ripe,  and  in  a  great  many  of  the  plumes  seed  was  not  formed,  neither  had  the 
cane  power  to  resist  ice  and  frost,  The«e  facts  prova  conclusively  that  the  safe  time 
for  planting  Late  Orange  had  been  pasiMMl,  It  is  possibly  true  this  variety  might  liave 
been  very  rich  In  sugar  with  a  late  fall  and  hot  weather  during  June  and  Septem' 
ber;  but  this  risk  is  not  a  safe  one,  and  as  it  positively  can  be  avoided  by  earlier 
planting  it  should  be  done. 

OBBERVATIONa. 

The  time  for  planting  cane  in  this  chmate  is,  for  Early  Amber,  not  later  than  May 
20;  Kansjvs  Orange,  not  later  than  May  10;  Liate  Ghrange,  not  later  than  May  1.  Ten 
davs  earlier  can  safely  be  riskedt 

Nitrogen  prolongs  the  vitality  in  cane.  Nitrogenous  fertiUzers  combined  with 
potash  is  the  l>est  combjnatiiin  for  large  crops  and  high^testing  juice.  Phosphoric 
acid  haatens  the  rijiening  of  the  cane  about  two  weeks,  and  too  much  phosphoric 
acid  reduces  the  ciuantity  of  sugar  in  the  juice, 

Pota&h  makes  large  and  strong  stalks.  If  canes  are  deairad  to  be  wc»-ked  after 
frost  and  ice  they  must  be  supplied  with  ample  food,  be  well  grown,  and  of  a  lat^ 
variety.  K  canes  are  not  well  advancea  when  frosts  and  ice  8&*ike  thena  they  will 
not  be  able  to  hold  the  cane  sugar  long.  The  earlier  the  variety  the  later  it  should 
be  planted.  If  canes  increase  rapidly  in  oana  sugar  soon  after  f roots  strike  them 
they  will  soon  be  worthless  for  sugar-making.  If  they  do  not  increase  at  all,  op 
very  Uttle,  they  will  remain  good  for  a  long  time,  providing  the  frost  was  severe, 
long  enough  to  kill,  or  almost  kill,  the  leaves.  The  Amber  has  less  iK)wer  to  resist 
frost  and  ice  than  Kansas  Orange,  and  the  Kansas  Orange  less  than  the  Late  Oranffe* 

The  time  which  the  sugar  reniains  in  high  percentage  in  the  cane  is  largely  undw 
the  control  of  the  culti\  ator.  In  all  attempts  to  improve  the  seed  by  selection  and 
increase  the  sugar  and  purity,  the  cultivation  must  be  taken  into  consideration. 
HigJi-testing  seed  will  make  poor-'testing  oanas  if  plant  food  is  not  present  in  suffi" 
ciont  (luantities  or  if  the  cultivation  is  neglacted,  Poor-testing  seed  will  give  lugh'* 
testing  canes  if  the  seed  is  of  a  good  variety,  and  ample  food  has  been  supplifd, 
with  g(M)d  cultivation. 

Canes  can  not  be  grown,  rich  in  sugar,  by  starving  them.  Ground  well  supplied 
with  plant  food  and  badl^  cultivated  will  g[ive  very  small  canes,  rich  in  sugar,  That 
there  are  other  peculiarities  in  other  varieties  is  shown  plainly  in  the  case  of  th^ 
White  African.  Although  planted  late  last  spring,  and  the  ground  feriiUajed  pre- 
cisely like  the  Amber  and  Kansas  Orange,  it  contained  this  year  18,30  per  cent, 
cane  sugai*,  purity  60''.  on  September  27,  time  the  field  was  out. 

The  seed  was  given  to  tlie  writer  by  Dr.  Collier  along  with  sixty^eight  other  varie* 
ties  in  1883,  all  of  which  were  planted,  but  for  certain  good  reasons  this  cane  was 
the  only  one  nelecte^l  from  the  lot.  It  has  been  grown  since  then  each  year,  always 
giving  high  i>ercentageB  of  sugar.  Some  of  its  peculiarities  ai-e,  viu,  the  unusual 
toughness  of  its  stalk  when  overripe,  and  its  great  strength  at  all  times. 

It  is  hard,  for  some  unexplained  reason,  to  get  a  good  stand.  The  seed  is  white, 
and  local  millers,  with  their  crude  api)lianoea,  have  told  me  that  they  could  get  80 
poimds  of  flour  from  1  bushel  of  seed,  which,  mixed  with  a  small  proportion  of 
wheat  flour,  is  preferred  to  buckwheat.  The  birds  ravage  the  seed,  and  will  select 
it  from  a  hill  planted  with  mixed  Orange  and  Amber  canes,  leaving  the  other  varie* 
ties  unmolested.  In  order  to  be  protected  from  these  depredators  and  secure  the 
seed,  plots  of  suftlcient  sisse  must  be  raised  and  calculations  made  for  this  loss.  It 
has  been  found  true  here  that  they  will  not  take  quite  all  the  seed  from  one  acre  in 
a  season,  consecpiently  jilots  of  5  or  10  acres  are  comparatively  protected. 

The  purity  of  the  cf\nca  of  this  variety  has  been  noticed  as  high  as  77.92. 

The  cane  has  not  l)een  jn-operly  studied  and  the  birds  have  taken  nearly  all  the 
good  seed  from  the  acre  raised  tliis  season, 

MANUFAOTURINQ. 
I  will  confine  uiyself  in  mv  report  tomethods  adopted  for  the  first  time  this  year. 

*  SAWDUST  FILTXBS. 

\t  has  alwa}  8  been  found  that  filtration  of  the  juicQ  through  some  medium  that 
would  remove  the  j)articles  of  matter  mechanicallv  suspended  was  necessary,  For 
two  years  filter  pre&ses  were  used,  It  was  found  If  the  juice  were  alkaline  it  wpuJd 
filter  much  better,  but  ^ave  highly  colored  produ<;t»» 
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Last  year  Dr.  Wiley  advised  the  use  of  sand.  This  gave  good  results  for  a  time, 
but  gradually  ran  slow  and  failed  to  give  satisfaction.  The  size  of  the  filters  in 
pr(^)ortion  to  the  juice  worked^was  very  large  and  it  soured  easily. 

EVAPORATOR. 

In  accordance  with  your  instructions,  I  constructed  an  open  evaporator  to  be  run 
by  crude  oil  (petroleum).  Parallel  brick  walls,  13  inches  thick,  84  feet  long,  and  24 
inches  higli,  were  constructed.  At  one  end  was  an  iron  stack,  and  at  the  opposite 
end  were  the  burners.  Upon  the  walls  was  placed  an  open  evaporator  of  sheet-iron 
2  feet  hi^h,  30  feet  long,  and  4  feet  broad,  divided  bv  partitions  8  inches  apart,  6 
inches  high,  and  45  inches  long.  The  juice  entered  the  pan  over  the  burners,  dis- 
charged at  the  opposite  end,  traversing  a  distance  of  about  164  feet  in  twelve  min- 
utes. 

The  skimmings  remained  at 'the  end  over  the  burners  and  were  easily  removed. 
As'this  was  the  first  time  to  my  knowledge  that  crude  oil  had  been  apphed  to  sugar 
work,  I  was  able  to  collect  little  data  to  guide  me.  After  examining  personally  the 
burners  in  use  for  steam-boilers,  I  finally  adopted  one  belonging  to  H.  W.  Whiting, 
of  Philadelphia.  He  advised  me  to  place  three  biu*ners  at  the  end  and  insert  in  the 
brick- work  at  intervals  of  1  foot  incn  pipes  to  extend  completely  through  the  walls 
and  flues,  and  to  be  perforated  with  holes  one-quarter  of  an  inch  in  diameter  and  8 
inches  apart.  The  intention  was  that  air  should  pass  through  the  perforated  holes 
into  the  flue,  and  thus  aid  combustion. 

Hie  burners  were  made  from  2-inch  pipes  with  a  T  fitting  open  at  the  bottom  to 
supply  air;  on  the  Bunsen  burner  principle,  the  oil  passed  through  a  quarter-inch 
pipe,  through  a  cock  into  a  l^-inch  coil  ij  inch  in  diameter,  so  placed  as  to  receive 
a  Large  portion  of  the  heat  from  the  burners;  there  is  also  a  quarter-inch  steam-pipe 
leading  into  the  end  of  the  pipe  so  that  the  oil  and  steam  can  be  mixed  as  it  passos 
into  the  hot  coil  or  superheater,  as  it  is  named.  When  the  oil  is  converted  into 
gas  from  the  superheater  it  passes  into  the  Bunsen  burner  and  is  forced  through  it 
by  another  steam  jet  and  burned  from  the  opening. 

In  our  first  experiment  Bradford  crude  oil  was  used,  and  in  our  final  experiments 
black  residuum  of  the  refineries,  which  I  have  been  informed  is  the  product  left  be- 
hind aiteT  the  liglit  oils  have  been  distilled  off. 

In  practice  we  could  find  very  little  difference  in  the  heating  of  the  two  oils. 
Lima  oil  could  not  be  had  in  quantity  less  than  six  thousand  gallons,  consequently 
was  not  used. 

It  was  found  in  starting  the  burners  that  a  stack  10  inches  in  diameter  was  too 
small,  the  effect  in  practice  being  to  cause  explosion  of  gas. 

A  stack  of  24  inches  diameter  was  substituted;  this  stopped  all  explosions  but 
wasted  the  heat.  Dampers  made  of  fire-clay  were  then  used,  and  it  was  found  that 
after  the  superheater  was  hot  enough  to  generate  gas  freely  tlie  dampers  could  bo 
safely  closea.  Care  had  been  taken  in  constructing  the  dampers  to  arrange  them 
BO  thiat  there  was  left  on  the  sides  a  space  equal  to  about  12  inches  square,  after  they 
were  in.  A  further  improvement  in  the  heating  was  made  b^  filling  in  next  to  the 
stack  with  dirt.  This  bank  of  earth  was  then  extended  back  mto  the  fine  for  about 
its  length  and  paved  on  the  top  with  bricks.  There  was  left  a  space  of  about  9 
inches  between  the  pavement  and  the  bottom  of  the  evaporator,  and  in  filling  in 
the  flue  the  combustion  pipes  were  covered  up  for  the  length  of  the  embankment. 
The  combustion  pipes  directly  in  front  of  tlio  fiame  were  soon  burnt  out.  No  detri- 
mental effects  being  perceptible  from  the  loss  of  tliis  air,  it  is  safe  to  conclude  that 
they  were  of  no  value. 

The  owner  of  the  burners  thought  we  would  evaporate  at  least  15  pounds  of 
water  for  each  pound  of  oil  burned  and  hoped  we  would  reach  18  or  20  pounds. 
The  record  of  the  best  day's  work  shows  7A  pounds.  It  is  but  just  to  say  that  the 
evaporator  was  entirely  too  large  for  the  work  it  had  to  do,  and  the  walls  had  time 
to  cool  before  starting  each  day.  Now  it  is  found  that  if  the  walls  and  surrounding 
mediums  are  much  lower  than  the  temxx?rature  of  the  gaseous  product  of  the  Bim- 
sen  burners,  c(^jidensation  takes  place  and  the  oil  is  fried,  as  it  is  called,  instead  of 
being  generated  into  jias.  wliich  is  wasteful  in  the  extreme.  One-third  of  all  the 
oil  burned  was  generally  used  in  starting  the  burners  each  day.  Another  source  of 
loss  long  evaded  our  researches.  It  was  caused  by  using  cocks  to  feed  oil  to  the 
superheater.  A  common  quarter-inch  globe  valve  was  substituted  for  the  cock, 
which  brought  tlie  burners  under  full  control  and  enabled  us  to  bum  only  one-quar- 
ter as  much  oil.  I  make  tlie  suggestion  that  pipes  for  supplying  oil  to  the  super- 
heater should  be  less  than  one-quarter  inch;  that  globe  valves  less  than  one-quarter 
inch  bo  used,  and  that  threads  that  regulate  these  valves  be  made  as  fine  as  possible 
so  that  they  may  have  tlie  most  delicate  adjustment.  I  can  not  tell  the  saving  of 
all  these  apparent  improvements  because  I  had  not  time  to  get  the  record  properly. 


REPORT  OF  THE  CHEMIST.  273 

Taking  the  record  as  it  is  and  counting  the  price  of  oii  at  $1.25  per  barrel,  about 
one-half  of  the  water  was  removed  from  the  diffusion  juice  of  each  ton  of  field  cane 
for  31  cents  per  ton. 

AUXILIARY  HOUSES. 

The  auxiliary  houses  have  been  kept  steadily  in  view  during  the  season's  work, 
and  the  fact  has  been  remembered  that  the  industry  will  spread  and  succeed  at  a 
much  quicker  rate  if  the  capital  necessary  to  conduct  the  business  is  kept  as  low  as 
possible  consistent  with  good  management.  The  cost  of  building  sugar-houses  is 
reduced  to  a  minimum  and  labor  saved.  There  is  no  good  reason  to  expect  to  make 
money  out  of  the  sorghum  business  unless  conducted  on  sound  business  principles. 
The  knowledge  of  the  bifeiness  is  now  advanced  to  such  a  point  that  there  is  notning 
to  prevent  accurate  calculations  being  made.  The  cost  of  the  machinery,  the  work 
it  can  do,  the  labor  required  to  run  it,  the  cost  of  the  cane,  the  yield  and  quahty  of 
the  product  can  now  all  be  closely  estimated. 

Sugar-houses  built  without  definite  ideas  of  the  work  to  be  done  or  machinery 
added  piece  by  piece,  without  plans  or  contracts,  and  such  machinery  as  clarifiers, 
as  filter  presses  and  bone-black  drones  added,  with  the  expectation  or  only  making 
white  granulated  sugar  directly  from  the  juice,  will  be  certain  to  bring  financi^ 
failure  and  disappointment  to  its  projectors,  unless  the  capital  is  heavy  enough 
to  stand  the  A;rain,  or  the  parties  are  willing  to  make  experimental  work  of  their 
plants  and  pay  the  price  for  doing  it.  Notwithstanding  the  closeness  with  which 
all  these  calculations  can  now  be  made,  the  following  should  be  remembered.  I 
have  never  known  a  sugar-house  of  any  kind  to  be  made  so  complete  and  be  in  such 
fine  running  order  that  it  could  be  depended  on  to  make  a  commercial  success  the 
first  season.  Either  its  water  arrangements  will  fall  short  of  expectations,  or  the 
boilers  fail  to  be  large  enough,  or  strikes  and  delays  will  detain  the  mechinery,  or 
castings  will  be  broken  in  shipping,  or  some  minor  points  will  be  badly  proportioned 
or  too  weak,  foundations  will  prove  not  sufficiently  secure,  shafts  will  be  found  out 
of  line,  etc.  All  this  will  occur,  not  from  any  bad  management,  but  because  the 
nature  of  the  work  is  such  that  the  factory  can  only  perform  its  task  satisf actoiily 
after  being  broken  in  on  cane.  The  cane  alone  can  give  the  necessary  adjustment. 
Erroneous  and  disappointing  calculations  have  been  made  by  celebrated  sugar  engi- 
neers in  makmg  calculations  for  sorghum,  by  using  well-known  standard  rules  fer 
the  evaporation  of  water  as  a  basis  for  calculation;  and  repeatedly  has  machinery 
proved  suitable  for  Southern  cane  failed  when  appUedto  this  work.  The  moral  of 
all  this  is,  that  in  constructing  new  works  there  should  be  only  enough  cane  r^sed 
the  first  season  to  break  in  and  test  the  sugar-house  thoroughly  in  every  part,  in 
order  that  when  the  machinery  is  called  upon  the  succeeding  season,  it  would  fulfill 
the  work  it  had  been  calculated  to  do  without  delay  or  hindrance. 

The  expense  of  doing  aU  thus  should  be  allowed  for  in  the  capital  account. 

In  some  sorghum  houses,  calculated  to  work  100  tons  of  cane  a  day,  wiU  be  found 
strike  vacuum  pans  of  such  large  size  that  the  cost  of  erecting  them  and  tiie  pumps 
necessary  for  their  use,  the  large  pipe  fittings  and  other  paraphernalia,  will  cost  as 
much  alone  as  would  suffice  to  build  an  economical  sugar-house  of  good  size. 

Experience  had  taught  us  that  there  is  a  limit  to  the  size  of  sugar-nouses,  and  that 
it  costs  very  Uttle  more  to  man  a  40-ton  house  tlian  a  20-ton,  and  the  proportionate 
cost  of  constructing  is  greatly  in  favor  of  the  40-ton  plant.  For  sugar-houses  of 
larger  size  I  can  not  yet  give  accurate  data  with  safety. 
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Kenner,  La. 

Several  varieties  of  sorghum  were  tried.  Tliese  were  planted  on  April  18,  thinned 
to  a  stand,  and  cultivated  in  its  order  with  the  com  crop.  Here  flat  cultivation 
was  exclusively  practiced  during  the  season,  while  at  the  other  two  stations  high 
ridges  were  requu-ed  for  drainage. 

These  plantings  were  made  >vith  a  view  of  testing,  by  mill  and  laboratory  experi- 
ments, the  adaptability  of  sorghum  as  a  sugar  crop  to  Louisiana.  If  sugar  can  be 
made  profitably  from  sorghum  anywhere  in  the  United  States  it  should  be  done  in 
Louisiana.  Chemical  analyses  show  a  larger  percentage  of  sugar  and  a  smaller 
quantity  of  glucose  in  sorghum  grown  in  Louisiana  than  anywhere  else  in  this  coun- 
try. At  least  the  published  analyses  now  at  hand  verify  this  assertion.  Again, 
could  our  sugar-planters  be  persuaded  that  sorghum  could  oe  made  to  yield  a  profit- 
able quantity  of  sugar,  say,  even  1,000  pounds  per  acre,  they  would  soon  adopt  it  as 
an  adjunct  to  the  cahe  crop. 

AG  88 18 
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Again,  there  are  tast  tracts  of  rich  alluvial  lands  in  the  middle  and  northern  por- 
tions of  the  State  which  are  too  far  north  for  cane,  and  which  will  grow  excelieiEit 
crops  of  sorghum.  These  lands  are  now  in  cotton,  but  could  it  be  demonstrated 
that  they  could  grow  sorghum  profitably,  central  factories  would  spring  up  in  every 
direction  and  tliis  crop  would  supplant  cotton  in  part  if  not  entirely. 

With  these  possibihties  in  view,  the  director  has  persistently  planted  sorghum  for 
three  years  upon  the  sugar  experiment  station  and  attempted  every  year  to  make 
successfully  sugar  from  it  by  the  milling  process.  Chemical  analyses  have  shown 
that  pur  juices  were  rich  in  sucrose  and  low  in  glucose,  but  our  sugar-house  experi- 
ments have  failed  to  extract  it  successfully.  We  have  made  the  masse  cuite  fim  of 
grains,  but  our  centrifugals  failed  to  pm*ge.  All  this  was  due  to  the  starch  present 
in  the  juice  (extracted  by  pressure  with  the  mill),  which,  during  the  subsequent  pro- 
cess of  concentration,  was  concentrated  into  dextrine,  and  this  substance,  our  o€te 
noir,  prevented  the  elimination  of  the  sugar.  Our  past  experiences  have  demon- 
strated the  inapplicability  of  the  crusliing  mill  to  sorghmn.  They  have  also  ^nvn 
that  high  temperatures  must  be  avoided.  Therefore  new  methods  of  extracting  the 
juice  and  processes  of  cooking  in  vacuo  must  be  resorted  to  before  we  can  success- 
fully extract  sugar  from  sorghum. 

From  our  past  experience  with  sorghum  it  was  inferred  that  our  crop  planted  on 
the  10th  of  April  would  not  be  ready  for  the  sm^ar-house  before  the  Isr  of  Septem- 
ber. Accordingly  we  contracted  witli  Messrs.  Edwards  &  Haubtmaiiito  deliver  llie 
machinery  by  the  15th  of  August,  thus  giving  us  fifteen  days  (ample  time)  for  its 
erection  and  preparation  for  work.  Messrs.  Edwards  &  Haubtman  failed  to  deliver 
until  the  23d  mstant,  wliich  failure,  in  connection  with  the  unprecedented  storm  of 
the  IGth  instant,  which  prostrated  completely  our  sorghum,  proved  most  disastrous 
to  our  successful  manufacture  of  sugar. 

In  1886^  sorghum  planted  April  5  was  harvested  13th  September.  In  1887  sor- 
ghum planted  April  21  was  worked  up  September  28.  Both  years  they  were  worked 
at  full  maturity,  excepting  the  Early  Amber  and  Chinese,  which  were  ripe  in  July  of 
each  year. 

It  was  fair  therefore  to  calculate  that,  without  any  natural  intervention,  the  sor- 
ghum this  year  would  not  be  ready  for  the  sugar-house  before  the  middle  of  Sep- 
tember; and  had  not  the  storm  prevailed  the  date  of  delivery  of  Messrs.  Edwards  & 
Haubtman  would  have  still  afforded  us  ample  time  to  have  completed  erection  be- 
fore the  maturity  of  the  crop.  Either  alone  would  not  liave  proven  disastrous;  botJi 
together  were  fatal. 

STARCH  IN  SOROHUM. 

With  green  canes  just  heading  no  indications  of  starch  are  given  by  iodine.  If 
there  were  any  blue  it  was  completely  obscured  by  the  intenselv  brown  coloration. 
This  brown  coloration  indicated  dextrin   and  other  forms  of  soluble  starch. 

With  well-matured  canes  iodine  gives  an  intensely  blue  color  towards  the  top,  de- 
creasing in  intensity  towards  the  butt.  Canes  occupying  an  intermediate  conoition 
between  these  extremes,  or  in  that  stage  of  growth  when  maturity  begins  to  appear 
as  indicated  by  the  presence  of  sucrose  in  the  lower  part  of  the  stalk,  starch  will  be 
found  in  the  butt  but  not  in  the  top. 

The  above  conclusions  of  Mr.  Hutchinson  have  been  fully  confirmed  by  subsequent 
experiments;  and  it  is  not  imusual  in  our  laboratory  now  to  prognosticate  the  amount 
of  sucrose  in  a  cane  by  the  presence  of  starch,  so  intimately  are  they  associated. 
Both  sucrose  and  starch  seem  to  be  formed  simultaneously — the  former  from  glucose 
and  perhaps  other  bodies,  and  tlie  latter  from  dextrine  and  other  soluble  forms. 

Glucose  occurs  in  largest  (luantities  when  the  polariscoj^e  gives  no  indication  of 
sucrose  by  single  polarization.  In  a  sample  of  green  cane,  in  which  there  was  no 
starch  and  by  single  polarization  no  sucrose,  but  by  double  polarization  1.53  per 
cent. ,  as  high  as  7  i>er  cent,  of  glucose  was  foimd.  As  the  cane  from  which  the 
above  sample  was  selected  matured,  repeated  analysis  made  at  short  intervals 
showed  that  the  glucose  decreased  until  at  maturity  it  reached  as  low  as  0.8  per 
cent. 

EXPERIMENTS  IN  DIFFUSION. 

Without  entering  into  the  full  details  of  daily  work,  the  following  taken  from 
our  large  amount  of  records  will  suffice  to  illustrate  fully  the  work  performed. 

Considering  the  very  low  character  of  the  sorghum  worked  the  results  obtained 
are  quite  promising. 

Wednesday,  Sejnember  12. — Having  repaired  the  defects,  work  was  begun  at  9.80 
o'clock  and  contmued  until  nineteen  cells  had  been  filled.  Everything  worked 
admirably,  except  the  heatens,  which  were  not  under  control,  and  hence  varying 
temperatures  used  in  diffusing.  Weather  very  warm  and  much  suffering  expe- 
iienced  by  everybody  at  work,  particularly  by  the  men  at  the  diffusorsand  ouuifier. 

It  was  utterly  impossible,  from  the  varying  amounts  of  sucrose  in  the  oanes  used, 
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to  get  anything  like  uniform  resulte,  either  on  the  juices  or  chips.  There  were 
drawn  four  clarifiers  of  about  500  gallons  each.  The  last  two  were  very  dilute  owing 
to  the  excess  of  water  used  in  washing  the  chips  after  cells  were  filled.  This  juice 
was  heated  with  lime  and  brought  to  neutrauty;  heated  and  blanket,  which  was 
quite  insignificant,  removed.  It  was  then  settled  and  clear  juice  run  into  the  double 
effect  and  concentrated. 

There  was  a  large  quantity  of  settlings  and  some  scums,  which  were  weighed  and 
analyzed  and  thrown  away  to  avoid  interfei*ing  with  the  well-clarified  sirup.  The 
following  are  weights  obtained: 

Pouncbi. 
Sirup 1, 562 

Settlings  and  scums 1, 070 

Sugar 49 

Molasses 752 

The  following  are  the  notes  of  diffusion:  Every  effort  was  made  to  hold  the  tem- 
perature at  200  Fahr. ,  but  until  the  battery  had  been  used  in  one  entire  round  this 
IS  almost  impossible  to  do,  since  sending  in  quickly  water  heated  to  200°  Fahr.  into 
cold  iron  cells  filled  with  cold  chips,  the  loss  of  heat  by  radiation  and  convection 
is  very  great.  Six  minutes  were  allowed  for  the  diffusion  of  each  cell  after  the 
hot  water  was  turned  on.  Every  effort  to  grain  in  the  vacuum  pan  proved  abortive, 
as  the  following  notes  of  Mr.  Baldwin,  who  has  charge  of  the  pan  and  was  assisted 
by  Mr.  Barthelemy,  will  show: 

"  Part  of  juice  concentrated  in  double  effect  on  first  watch;  remainder  on  second 
watch,  when  the  juice  got  very  hot,  180.  degrees,  and  was  emptied  in  cars  to  cool; 
finished  concentrating  on  morning  of  13th,  at  a  temperature  of  155  to  160  decrees 
Fahr.  Juice  dark-colored  and  some  feculent  matter  present.  After  mixing  surups 
started  vacuum-strike  pan  at  2  p.  m.  on  13th;  temperature  138  to  140  degrees  Fahr.; 
very  thick;  nothing  but  candy  would  form  in  the  pan.  Allowed  to  stand  half  an 
hour  until  candy  dissolved,  but  no  grain.  Stood  again  one  hour;  at  7  p.  m.  still  no 
grain.  Cooked  very  thick  and  remained  in  pan  until  2  p.  m.  next  day,  when  it  was 
all  boiled  to  string  sugar  and  put  in  the  hot-room.  Injured  some  by  being  cooked 
to  candy.  • 

"  In  the  hot-room  it  at  once  began  to  grain,  until  the  wagon  was  quite  43olid  with 
small  grains  of  sugar. 

"  It  was  centrifugaled  and  gave  the  following  results: 

Sugar pounds. .  49 

Molasses do.    . .        752 

Recapitulation, 

Cane  contained pounds  sucrose. .  349. 75 

Sirup  contained do 273. 22 

Scums  contained do 20. 33 

Chips  contained  . '. do 56. 20 

Sugar  contained do 44. 58 

Molasses  contained do 22^.  61 

Sugar  obtained pounds  per  ton  sorghum. .     15. 5 

Molasses  obtained do 237. 1 

After  the  analyses  of  tlie  mill  juices  were  known  little  or  no  hope  was  entertained 
of  successful  sii^ar  results.  Indeed,  it  is  wonderful,  with  such  juices  and  after  such 
treatment,  that  any  Hw^ar  should  be  obtained. 

September  17.— It  has  often  been  published  that  neither  sorghum  nor  its  juices 
will  stand  transj)()rtati()n  or  delay  in  working  them  up  after  being  cut.  That  such 
is  not  the  case  uith  us  is  abundantly  proven  by  the  following  and  many  other  ex- 
periments during  this  season.  On  September  16,  Mr.  Barrow,  assistant  at  the  State 
experiment  station,  anjis  sent  to  Baton  Rouge  to  harvest  and  ship  a  car-load  of  sor- 
ghum from  tliat  station  to  this.  By  9  a.  m.  on  the  morning  of  the  16th,  he  had  cut 
and  loaderl  a  closed  car  with  Early  Orange  sorghum.  This  sorghum  was  quite  wet 
from  dew,  and  had  its  leaves  and  tops  still  on,  conditions  making  fermentation  quite 
feasible  to  almost  any  crop.  It  was  delivered  at  Kenner  by  Mississippi  Valley  Kail- 
road  at  7  p.  m.  of  same  day.  It  was  unloaded  and  deUvered  at  sugar-house  at  12 
m.  of  tiic  17th,  and  worked  up  as  delivered.  This  cane  had  been  badly  blown  down 
by  the  storm  of  tlie  19th,  and  was  filled  with  suckers  several  feet  long,  now  in  full 
heads.     It  wa.s  (juite  low  in  sugar,  as  the  following  analysis  of  selected  stalks  made 

on  ►Septeml)er  11  showed: 

Per  cent. 

Total  solids 11.  9 

Sucrose 7.  8 

Glucose 4.  W 
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Began  difluaon  at  9  a.  m.  Filled  twentr-three  cells  with  chips  and  drew  off 
thirty-one  cella  of  juice.  FintstH^d  in  early  eTening,  after  two  eUeht  detentiona. 
Cells  ili(Iii.-i<-(i  sixteen  minutes  each,  except  three  times,  when  interrujjted.  The 
teuipeiiiHire  viiried  from  150°  to  300°  Fahr.  The  juiee  ■was  boiled  to  a  sirupin  double 
effect  and  made  into  string  sugar  in  the  vacuum  pan.  Boiled  all  night,  flniBhiugihe 
next  day.  The  string  siigar  was  nm  into  the  hot-room,  where  it  was  grained  into 
almost  a  solid  mass.    Tlie  following  are  the  amounts  uaed: 

Wei-liU.f  canes 18,866 

LessnA^ightof— 

Topa 2,446 

Leaves 1,785 

Traah  in  yard 1,  SiSS 

Chips  not  used 82 

5,876 

Clean  cane  used 7,3S9 

The  Juices  from  this  were  concentrated  into  a  sirup,  giving  1,491  pounds;  scums 
thrown  away,  313  pounds;  juice  made  into  molasses,  ij59  pounds. 
The  following  are  the  laboratory  results; 


'   Sugar  obtained. . 


115 


Molasses  obtained 

Sugar  per  ton  of  sorghum : 81.4 

Molasses  per  ton  of  sorghum 161.8 

Recapititlation, 

Cane  contained  (calculated) pounds  sucroee. .  43S 

Sirup  made  into  sugar  contained do 828 

Sirup  made  into  molasses  contained do 87 

Scums  contained •. do 7 

Chips  contained do 32 

Fiber  in  cane percent.,  15.5 

[Varlaty :  Earlr  Orange.] 
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Here,  as  before,  the  dilution  was  great  owing  to  the  water  used  in  washing  the 
chips  after  cells  were  filled.  Tliis  cane  had  nearly  a  constant  composition,  and  from 
glucose  ratio  there  has  been  little  or  no  inversion  either  in  cells  or  in  concentration 
of  sump.  In  fact,  when  water  at  200"  Fahr.  is  sent  into  cells  and  maintained  there 
for  six  minutes  at  this  temperature,  httle  or  no  inversion  took  place,  notwithstand- 
ing the  weather-gauge  showed  this  day  a  maximum  temperature  of  88**  Fahr. 

September  20. — The  following  canes  were  selected  for  this  run:  Link's  Hybrid, 
White  India,  White  Mammoth,  and  the  second  planting  of  Early  Amber.  The 
suckers,  of  wliich  there  were  many,  were  removed  by  hand.  Filled  nine  celljj. 
Everything  worked  well. 

Pounds, 

Weight  of  cane  used 5,  OTtl 

Less  weight  of — 

Tops pounds. .       812 

Trash do 653 

Suckers do 208 

Chips  not  used do 74 

1,747 

Clean  cane  used 3, 331 

Juice  neutralized  with  lime,  blanket  removed,  settled,  concentrated  in  double  effect 

and  grained  in  vacuum  pan;  then  emptied  into  car  and  run  into  hot-room,  where  it 

solidified  into  crystals  of  sugar  of  small  size. 

Pounds. 

Weight  of  su'up    695 

Weight  of  scums,  etc 150 

Weight  of  sugar 40 

Weight  of  molasses 235 

Sugar  per  ton 24 

Molasses  per  ton 141 

The  following  are  laboratory  results: 


MiU  juices 

Do 

Do 

Do  

Do 

DifTusiou  juices 

Do 

Do 

Do 

Do 

DifTusioQ  chips  . 

Do 

Do 

Do 

Do 

Clarified  juices  . 

Do 

Sirups 

Scums 

Sugar  

Molasses 


Total 
solids. 


Per  cent. 

10.6 

14.1 

10.5 

10.7 

10.4 

4.8 

6.0 

0.0 

5.2 

5.6 


.5.9 

2.1 

32.94 


Sucrose. 


Per  cent. 
6.7 
10.0 
6.9 
6.6 
5.4 
3.06 
3.50 
8.70 
3.20 
3.25 
.20 
.30 
.20 
.10 
,10 
3.5 
1.4 
17.5 
1.7 
02.2 
34 


Glucose. 


Per 


cent. 

1.48 

1.26 

2.14 

1.92 

3.12 

1.13 

1.51 

1.51 

1  57 

1.61 

.16 

.14 

.13 

.12 

.12 

1.89 

.51 

7.04 

.78 

2.98 

20 


Glucose  to 
sucrose. 


Per  cent. 
22 

m 

22 

29 
57 
37 
48 
41 
49 
49 


>9 
88 
40 
41 


Variety. 


Link's  Hybrid. 
White  India. 
White  Mammoth. 
White  Amber  (Nebraska). 
White  Amber.   , 


RECAPITULATION.  3 

Sucrose  in— 

Sirup pounds. 

Scums do. . . 

Cliips do. . . 

Su^ar  made do. . . 

Molasses  made do. . . 

Fiber  in  caue per  cent. 


121.62 
2.65 
16.66 
86.88 
79.90 
16.04 


CONCLUSIONS. 


While  the  present  season  was  in  Louisiana  a  most  disastrous  one  for  making 
sugar  from  sorghum,  yet  the  successful  apphcation  of  diffusion  in  the  extraction  <rf 
the  juice  from  both  sorghum  and  sugar  cane  has  been  abundantly  proven. 
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From  sorghums  of  fair  quality,  such  as  were  raised  on  this  station  in  1886  and 
1887,  it  is  certain  that  a  large  quantity  of  sugar  could  be  obtained.  From  Early 
Orange  this  year,  with  only  9  per  cent,  sucrose  and  8.33  per  cent,  glucose  (glucose 
ratio  nearly  50)  81.4  pounds  sugar  were  obtained  to  ton  of  sorghum.  This  same 
variety  showed  in  1886  a  sugar  content  of  18  per  cent,  with  a  low  glucose  ratio,  and 
in  1887,  a  less  favorable  year,  sugar  content  or  10.5  per  cent,  and  only  18  as  the  glu- 
cose ratio.  Could  such  cane  have  been  diffused  this  year,  a  yield  of  fully  100  to  125 
pounds  per  ton  might  with  reason  have  been  expected. 

However,  this  station  will  repeat  again  the  experiments  next  year,  with  more 
promise  of  success. 


REPORT  OF  HUBERT  EDSON. 

Douglass,  Ejlns. 

After  one  or  two  trials  to  test  the  machinery  of  the  house,  the  regular  manufact- 
uring season  at  Douglass  commenced  September  14,  and  continued  with  what  regu- 
larity was  possible  up  to  October  25. 

There  is  no  doubt  but  that  the  Early  Amber  was  ready  for  work  by  the  middle  of 
August,  and  possibly  earUer.  When  I  arrived  in  Douglass,  August  36, 1  found  sev- 
eral fields  that  had  passed  maturity.  This  cane,  however,  contrary  to  experience 
elsewhere,  did  not  deteriorate  in  any  marked  degree  till  some  time  after  reaching 
its  maximum  sucrose.  When  the  house  was  closed  we  still  had  Amber  coming  inr 
in  lar^e  quantities  and  containing  sucrose  enough  to  warrant  working  it. 

Besides  the  Amber,  the  two  other  varieties  chiefly  grown  were  the  Orange  and  a 
cane  identified  by  Mr.  Denton,  of  Sterling,  Kans.,  as  the  Chinese. 

The  Amber  and  Chinese  contained  highest  sucrose  and  lowest  glucose,  with  the 
advantage  slightly  in  favor  of  the  Chinese.  The  Qrange  did  not  do  as  well  as  was 
expectea,  but  it  was  planted  so  late  in  the  season  that  it  did  not  have  time  to  mature. 

The  exceedingly  variable  nature  of  the  cane  brought  in  was  a  source  of  constant 
annoyance,  nor  would  the  appearance  of  the  stalks  be  any  criterion  of  the  quality 
of  the  iuice.  One  field  of  30  acres  which  had  been  ordered  hauled  in  before  any 
test  haa  been  made  of  it  was  found,  on  the  arrival  of  the  first  load,  to  contain  but 
4.50  p>er  cent,  sucrose,  with  almost  as  much  glucose.  This  cane  was,  judging  by  its 
appearance,  as  good  as  any  worked  during  the  season,  but  repeated  tests  of  samples 
taken  from  different  parts  of  the  field  failed  to  show  in  a  smgle  instance  enough 
sucrose  to  warrant  working  for  sugar.  Numerous  instances  of  tliis  same  tiling  were 
found  throughout  the  season  and  the  cane  needed  the  closest  watcliing. 

One  thing  it  would  be  well  to  impress  upon  the  sorghum-grower,  and  that  is,  the 
necessity  of  growing  small  or  medium-sized  canes.  From  nvunerous  trials  of  com- 
pai'ative  samples,  the  highest  sucrose  and  lowest  glucose  were  alwavs  found  in  the 
smaller  canes.  Fields,  3so,  where  the  small  and  slender  canes  predominated  were 
always  of  superior  quality.  The  best  cane  analyzed  at  Douglass  was  a  sample  from 
a  field  sowed  for  fodder,  in  which  the  seed  had  been  scattered  broadcast  on  the 
land,  and  as  a  consequence  grew  very  smaU.  Of  course  I  do  not  mean  to  advocate 
the  sowing  of  sorghum  seed  to  grow  a  product  for  the  sugar-house,  as  then  too  large 
an  amount  of  sheath  and  leaves  would  be  obtained,  but  it  is  necessary  to  avoid  large, 
rank  stalks,  as  the  desire  is  to  obtain  a  high  content  of  sucrose. 

THE  sugar-house. 

The  house  was  designed  to  work  100  tons  of  field  cane  daily.  The  Hughes  cutter 
and  shredder  were  used.  The  trap-door  just  before  the  cutter  through  which  it 
was  intended  to  pass  the  seed  heads  failed  to  work  satisfactorily.  Tliis  was  due  in 
part  at  least  to  the  heavy  feed  which  it  was  necessary  to  keep  on  the  narrow  carriers 
m  order  to  supply  the  battery  with  chips.  The  shredder  when  properly  adjusted 
did  excellent  work,  tearing  the  chips  into  a  pulp  if  required. 

The  main  feature  of  the  house  was  the  diffusion  battery.  This  is  known  as  the 
Hughes  system  of  diffusion,  and  is  described  in  Bulletin  17,  Cliemical  Division,  De- 
partment of  Agriculture.  The  one  at  Douglass  differed  slightly,  liowever,  from  the 
one  described  there.  The  main  battery  contained  ten  cells,  with  the  baskets  for  hold- 
ing chips  used  in  his  process,  and  in  addition  to  these  an  outside  cell  was  placed  so 
that  the  arm  from  the  large  crane  could  reach  the  basket  while  imniersed  in  it. 

An  extra  crane  was  necessary  to  raise  and  lower  the  baskets  in  this  cell,  as  it  had 
to  be  worked  without  connection  with  the  main  battery. 

The  object  of  the  cell  was  to  give  a  dense  diffusion  juice,  and  thus  save  evapora- 
tion. As  the  battery  progressed,  the  heaviest  juice  from  two  cells  was  drawn  into 
the  outside  ceU,  and  there  received  two  baskets  of  fresh  chips  before  being  dis- 
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charged.  This,  as  far  as  I  was  able  to  see,  did  not  attain  the  object  claimed  for  it, 
as  no  fresh  chips  ever  reached  the  main  battery,  and  consequently  the  juices  were 
more  dilute  and  needed  the  addition  of  two  baskets  of  fresh  chips  to  bring  them  to 
a  normal  diffusion  juice.  It  is  certain  at  least  that  the  extra  steam-power  required 
to  run  the  outside  cell  would  a  great  deal  more  than  suffice  to  evaporate  any  less 
dense  juice  that  might  be  obtained.  • 

Before  passing  to  the  work  done  by  the  battery  as  a  whole,  it  is  but  just  to  say 
that  there  were  mechanical  defects  in  the  construction  which,  if  they  could  have 
been  remedied  this  season,  would  have  materially  assisted  the  quaUty  of  the  work. 
Tlio  bottom  of  the  baskets,  instead  of  being  single  and  swinging  to  one  side,  were 
doubled  and  hinged  to  a  cross-bar  extending  from  one  side  of  the  basket  to  the  other. 
As  a  consequence  of  this  arrangement  the  emptying  of  the  exhausted  chips  was  a 
very  difficult  matter.  But,  on  the  other  hand,  a  basket  constructed  strong  enough 
to  permit  a  single  bottom  would  be  altogether  to  heavy  to  use  where  so  much  of  the 
work  is  done  by  hand. 

The  average  sucrose  of  the  fresh  chips  for  the  season  was  9.88;  for  the  exhausted 
chips,  1.72.  The  extraction  of  sucrose,  therefore,  was  9.88— 1.72  =  8.16 -i- 9.88= 
82.59  x)er  cent.  This  extraction  was  accompanied  by  a  dilution  of  52.46  percent., 
16.89  (Brix  of  fresh  chips)— 8.08  (Brix  of  diffusion  juice) ;  8.86^16.89=52.46  per 
cent.  With  a  dilution  of  this  sort  in  a  closed  batterypracticaUy  all  the  sugar  would 
be  exhausted  instead  of  1.72  per  cent,  left  in  by  the  Hughes  process. 

It  was  noticed  that  a  regular  ratio  existed  between  the  exhaustion  and  the  dilution. 
As  the  dilution  was  increased  the  extraction  became  better,  and  vice  versa. 

Besides  the  amoimt  of  sugar  left  in  the  chips  there  was  an  unknown  waste  of  im- 
mense quantities  of  iulce  from  the  dripping  of  the  baskets  in  transferring  them 
from  the  eleventh  cell  to  the  cells  of  the  mam  battery.  This  loss  it  was  impossible 
to  gauge,  but  to  any  one  who  saw  it  it  was  evident  tnat  no  inconsiderable  amount 
was  loeit. 

Nothing  which  we  could  think  of  to  make  the  battery  a  success  was  left  undone. 
For  part  of  the  time  I  shifted  all  of  the  laboratory  work  to  my  associate,  Mr.  Fuel- 
ling, and  took  charge  of  the  battery.  This  I  was  prepared  to  do  from  a  previous 
year's  work  with  the  inventor  of  the  system,  with  whose  plan  of  running  the  battery 
I  was  consequently  familiar.  Although  the  quality  of  the  work  was  lmi)roved  after 
the  change  1  instituted,  it  was  so  far  from  being  good  diffusion  that  nothing  was  left 
to  do  but  to  condemn  the  apparatus. 

./ 

THE  DIFFUSION  JUICE. 

The  iuice  as  it  came  from  the  cells  was  full  of  finely  divided  fiber  which  had  come 
through  the  perforations  of  the  baskets,  and  was  also  of  such  a  dirty-black  color  that 
it  was  impossible  to  clarify  it. 

Sulphites  of  lime  were  used  for  awliile,  as  were  also  superphosphates,  but  both 
were  so  full  of  sulphuric  acid  and  accomphshed  so  little  that  they  were  discontinued. 

The  juice  probaoly  acquired  some  of  this  color  from  its  acids  attacking  the  iron 
vessels  in  which  it  was  kept  so  much  of  the  time,  but  the  main  cause  was  tho 
passage  of  large  quantities  of  seeds  through  the  diffusion  battery  along  with  the  fresh 
chips.  As  was  mentioned  before,  the  cutter  was  too  narrow  for  the  capacity  of  the 
house,  and  a  very  heavy  feed  was  kept  on  the  carrier,  preventing  the  seed  heads 
dropping  do%\Ti  through  the  trap-door  designed  for  that  purpose. 

To  illiLstrate  that  these  seeds  were  the  cause  of  the  discoloration,  Mr.  Fuelling  dif- 
fused two  beakers  full  of  chips,  the  one  of  them  containing  a  few  seeds  and  tlie  other 
none. 

The  one  with  the  seed  gave  the  black  color  characteristic  of  the  diffusion  juice 
from  tlie  liouse,  while  the  other  gave  a  perfectly  limpid  Uquor,  I  endeavored  to 
liave  the  suT)erinteiident  of  tlie  house  make  a  run,  cutling  uie  tops  off  in  the  field, 
but  he  failed  to  do  so, 

DISPOSITION  OF  EXHAUSTED  CHIPS. 

During  the  first  part  of  the  season  a  long  earner  was  used  to  convey  the  chips  to 
tlie  yard.  It  was  intended  to  extend  this  as  the  yard  filled,  but  the  chains  broke  so 
'>ften  that  this  plan  was  given  up  and  the  cliips  taken  off  in  carts. 

The  centrifugiils  (hd  very  ]HM)r  work  throughout  the  season,  but  so  Httle  sugar  was 
extracted  by  the  battery  tliat  it  wUs  not  considered  necessary  to  get  new  ones. 

SUMMARY  OF  WORK. 

During  the  season  2,167  tons  of  cane  were  worked. 

Allowing  25  per  cent,  off  for  tops  and  leaves,  this  would  amount  to  1,628  tons  of 
cleaned  cane;  45,000  pounds  of  94.45  polarization  were  obtained,  or  26.2  pounds  per 

ton  of  clean  cane. 
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Eliminating  the  loss  in  the  centrifugals,  which  would  have  been  remedied  if 
enough  sugar  had  been  obtained  to  justify  it,  the  gieat  loss  in  vv-orking  the  house 
was  in  the  battery. 

Certainly  with  two  years  such  work  as  this  apparatus  has  done  there  will  be  no 
more  danger  of  it§  being  used  again  in  a  sugai'-house. 


ABSTRACT  OF  REPORT  OF  E.  \7.  DEMING. 

Conway  Springs,  Kans. 

The  experiments  were  conducted  in  connection  with  the  work  of  the  Conway 
Springs  Sugar  Company. 

Tliis  company  was  incorporated  April  10,  1888,  under  the  laws  of  the  State  of 
Kansas,  witn  an  authorized  capital  of  $100,000.  Its  officers  are:  G.  W.  Fahs,  pres- 
ident; E.  E.  Baird,  vice-president;  G.  B.  Armstrong,  treasurer;  E.  W.  Deming, 
secretary  and  manager. 

The  factory  was  equipped  with  two  tubular  boilers  of  150  horse-power  each;  two 
30  horse-power  high-speed  engines;  3  hanging  Hepworth  centrifugals,  with  mixer; 
one  7-foot  vacumn  (dry)  pan  from  R.  Deeley  &  Co.,  New  York.  Hot-room,  with 
fifty  sugar  wagons.  Lillie  double  effect  from  George  M.  Newhall  &  Bro.,  Pliiladel- 
phia.  Diffusion  battery  from  Shickle,  Harrison  &  Howard  Iron  Company,  Saint 
Louis;  three  cutters,  with  necessary  clarifiers,  skimming  pans,  and  storage  tanks. 
One  dynamo  of  100-lamp  capacity,  incandescent,  provided  lights  for  the  building. 
Two  sets  rolls  and  a  fire  dryer  for  crushing  and  drying  exhausted  chips  and  one 
small  open  evaporator. 

The  diffusion  battery  consists  of  sixteen  cells  each  8  feet  long  and  35  inches  in  diam- 
eter, wroueht-iron  shell  with  similar  castings,  doors,  and  counter-weights  at  each 
end,  provided  with  sohd-rubber  gaskets  that  gave  satisfaction  under  a  30-pound  per 
inch  pressure.  One  heater  for  each  cell,  made  of  s6-inch  wrought  pipe  containing  11 
one-inch  brass  tubes  5  feet  long;  the  connecting  and  circulating  pipes  were  of  2i-inch 
wrought  iron.  The  battery  was  placed  in  two  lines  of  seven  cells  each,  with  one 
across  each  end,  and  supported  on  wooden  posts,  beams,  and  cross-beams  8  feet  from 
the  ground;  each  cell  would  hold  1,400  pounds  of  chips.  The  cost  of  this  battery 
with  pipe  and  fittings  was  $5,500;  its  work  was  in  every  way  satisfactory.  Tlie  ex- 
hausted chips  were  discharged  into  a  chute  of  sloping  sides,  directing  tiiem  into  a 
drag  of  peculiar  construction,  delivering  them  into  an  elevated  chute  from  whence 
a  cart  removed  them.    Tliis  apparatus  worked  well. 

The  double  effects  are  each  4  feet  in  diameter  and  18  feet  long,  placed  on  end; 
each  has  70  three-inch  brass  tubes  8  feet  long  placed  vertically;  'ends  of  tubes  prop- 
erly secured  in  plates,  steam  being  admitted  to  the  chamber  about  the  tubes. 
Pumps  draw  the  liquor  from  bottoms  of  pans  discharging  at  the  top,  passing  through 

Serforated  screens  to  the  upper  plate,  from  which  it  overflows  a  thin  film  of  juice 
own  the  inside  of  all  tubes  alike;  the  evaporation  occurs  in  the  tubes;  a  vacuum  is 
maintained  throughout  the  tubes  and  circulating  pipes.  The  vapor  was  removed  at 
lower  end  of  tubes,  with  suitable  circulating  pumps  and  a  slight  change  in  the  tops 
to  facilitate  cleaning.  31iey  will  not  only  have  large  capacity  but  unusual  merit  for 
handling  sorghumijuices.  These  pans,  by  reason  of  mechanical  defects  not  difficult 
to  overcome  and  the  rapid  formation  of  scale  upon  the  heating  surface  extremely 
difficult  to  remove,  caused  some  considerable  delay  to  the  work. 

The  first  or  second  cutter,  Hughes  style,  consisting  of  two  heavy  balance-wheels 
86  inches  in  diameter  placed  32  inches  apart  on  a  3-inch  shaft,  two  knives  placed 
horizontally,  connected  the  face  of  the  balance-wheels.  The  dead-knife  was  placed 
8  inches  below  center  of  the  shaft,  thereby  making  a  bevel  cut  on  the  cane ;  space 
between  end  of  drag  and  dead-knife  23  inches ;  tfis  permitted  the  seed  to  readily 
escape  the  knives  by  falling  into  a  drag. 

Power  was  transmitted  by  a  belt,  the  cutters  making  200  revolutions  per  minute, 
cutting  into  1-inch  sections  a  bed  of  cane  30  inches  wide  and  6  inches  deep.  This 
cutter  proved  deficient  in  both  strength  and  capacity.  One-third  of  the  delays  and 
losses  attending  the  work  are  traced  to  this  source.  Below  the  cutter  was  a  single 
fan  20  inches  in  diameter  and  30  inches  long,  having  a  motion  of  600  revolutions  per 
minute.    Its  work  was  especially  fine. 

The  two  shredders  were  each  20  inches  long  and  8  inches  in  diameter,  provided 
with  four  knives  held  in  place  by  a  peculiar  arrangement  at  the  ends,  leavmg  the 
face  of  cylinder  free  of  openings;  motion,  1,200  revolutions  per  minute;  doing  satis- 
factory work. 

Three  clarifiers  of  No.  10  iron,  round,  6  feet  in  diameter  and  30  inches  deep,  with 
cone-shaped  bottoms.  Two-inch  copper  coils  were  used.  They  lacked  scum  pockets; 
otherwise  their  work  was  satisfactory. 
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The  cane  shed  consisted  of  two  floors, 'each  10  feet  wide  and  150  feet  long,  sepa- 
rated one  above  the  other  by  a  space  of  4  feet.  As  a  means  of  storing  cane  this  ap- 
paratus worked  well. 

An  open  pan,  iron,  of  two  channels,  each  12  inches  wide  and  12  inches  deep  and 
20  feet  long,  filled  with  three-quarter-inch  copper  coil,  was  at  first  used  with  steam 
as  a  skimming  pan  to  aid  clarification. 

Later  steam  was  dispensed  with  and  the  pan  operated  as  a  continuous-flow  settling 
tank,  giving  better  satisfaction  and  suggesting  a  possible  manner  of  constructing  a 
rapid  system  of  continuous-flow  settling  tanks. 

The  cane  is  received  from  the  farmer  upon  specially  constructed  racks.  The  wagon 
is  driven  on  a  tiuTi-table  by  which  it  was  squared  about,  then  backed  a  few  feet 
against  an  ordinary  wagon  scales  on  which  was  a  raised  platform  3  feet  high;  an 
iron  hook  was  secured  in  the  two  ropes  placed  around  tne  load  hj  the  farmer;  a 
friction  clutch  at  the  opposite  end  of  the  cane  shed,  nearly  200  feet  distant,  drew  the 
load  over  the  rear  end  to  the  scales.  Here  it  was  weighed  net,  and  the  farmer's 
ropes  removed.  An  endless  shng  was  then  thrown  over  the  cane,  the  same  power 
taking  it  into  one  of  the  floors  comprising  the  cane  shed,  where  it  was  left  for  night 
run  or  taken  directly  through  to  a  small  downward  incline  where  two  men  pulled 
it  apart,  feeding  to  three  chains  with  attachments  that  carried  it  1  foot  above  a  cross- 
dra^  leading  to  the  cutters.  The  feed  was  regulated  bv  stopping  and  starting  this 
chain.  This  drag  leading  to  first  cutter  has  a  motion  of  40  feet  per  minute,  carrying 
the  cane  in  bundles  a  few  inches  of  space  between  the  tops  of  one  bundle  and  the 
tops  of  the  next;  this  permitted  seed  to  drop  freely.  Seed  was  hauled  directly  to 
the  field  and  left  in  small  piles;  that  required  for  sugar  work  next  season  is  care- 
fully selected  by  hand,  tied  up  into  bundles  of  eighteen  tufts,  two  bundles  then  tied 
together,  and  so  hung  up  in  a  dry  place.  The  rest  is  stacked,  allowed  to  pass  through 
a  sweat,  and  thrashed  m  February.  It  is  sold  in  large  quantities  at  good  prices  to 
ranchmen,  who  sow  it  for  fodder  for  stock.  The  inch  sections  of  cane  as  they  are 
cut  fall  into  a  strong  blast  of  air  direcly  underneath,  by  which  the  leaves  and  the 
sheatiis  are  removed.  By  means  of  a  link-belt  drag  the  cleaned  sections  are  con- 
veyed into  the  main  building  to  an  elevator,  taking  them  above  the  roof,  where  they 
are  discharged  into  the  hopper  of  the  shredder  and  reduced  to  a  pulp,  which  falls 
into  a  carrier  passing  over  the  diffusion  battery.  Openings  in  bottom  of  this  carrier 
permit  the  cane  chips  to  be  spouted  to  cells  on  either  side. 

Althougli  the  semi-sirup  contained  a  purity  often  above  70,  it  was  difficult  and 

generally  impossible  to  start  a  grain  in  the  pan;  a  strike  thus  boiled  to  grain  pro- 
uced  exceedingly  fine  grain  difficult  to  purge  and  invariably  dark  in  color,  no  bet- 
ter than  a  number  of  early  strikes  boiled  to  string. 

These  fine,  gummy,  dark  sugars  dissolved  in  clarified  iuices  were  used  to  start 
the  grain  ;  an  amount  equal  in  weight  to  one-fifth  that  of  each  strike  produced  a 
fine  sugar  of  medium-size  grain  remarkable  for  its  uniformity  of  grain,  color,  and 
purity.  All  sugars  were  taken  to  the  mixer  and  passed  through  the  centrifugals  as 
speedily  as  possible  to  remove  them  from  contact  with  the  black  molasses. 

The  entire  water  supply  was  obtained  from  a  bed  of  gypsum  65  feet  from  the  sur- 
face, and  was  positively  unfit  for  use  in  either  the  boilers  or  the  diffusion  battery.  The 
injurious  effects  of  this  water  was  observed  early,  Dr.  Wiley  being  the  first  to  sus- 
pect the  true  cause.  By  the  use  of  this  water  for  diffusion  there  is  a  loss  (estimated) 
of  22^  pounds  of  su^ar  from  each  ton  of  cane  worked,  or  35  per  cent.  It  ruined  the 
molasses,  and  to  this  gypsum  is  attributed,  du'ecyy  or  indirectly,  nearly  two-thirds 
of  the  annoying  and  expensive  delays  and  losses  incident  to  the  present  season's 
work. 

Canes  of  unusual  richness  were  worked,  the  batterv  secured  a  good  extraction,  the 
entire  evaporation  occurred  in  vacuum  with  but  slight  inversion  of  sugar;  but  large 
yields  of  sugar  did  not  follow. 

The  analyses  of  molasses  from  the  sugars  explains  much,  many  of  them  showing 
the  relative  sugars  four  and  even  four  and  one-half  to  one,  yet  so  engulfed  with  a 
mass  of  gums,  black  and  bitter,  as  to  render  impracticable  any  attempt  to  secure 
second  sugars. 

In  my  opinion  the  estimated  loss  of  sugar  due  to  the  use  of  this  water  should  1^ 
doubled.  I  would  respectfully  ask  critically  inclined  persons  to  keep  these  facts  m 
mind  when  reviewing  the  accompanying  tables,  which  contain  notwithstanding 
gome  interesting  and  reliable  information. 

The  farmer  looks  upon  this  industry  as  one  created  for  his  special  benefit,  and 
when  considered  from  his  stand-point,  as  judged  by  its  agriculture,  can  see  only 
magnificent  successes  for  all  sugar  work.  An  average  crop  of  cane  as  grown  in  this 
section  at  $2  per  ton  equals  in  value  the  land  upon  which  it  is  grown. 

No  crops  are  ^own  with  more  certainty  ;  others,  com  especially,  in  most  local- 
ities of  this  section  are  not  sure  every  season.    One  farmer  growmg  80  acres  re- 
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ports  an  avei*age  of  Vdl  tons  per  acre.  Some  small  pieces  pnjduced  more,  the 
average  being  lOi  tons  per  acre.  Ten  thousand  acres  at  $2  per  ton  could  easily  be 
contracted  for  deUvery  next  season.  The  farmers  are  not  slow  to  see  the  advan- 
tages offered  in  growiiag  cane  at  these  prices. 

The  soil  of  this  section  can  be  called  neither  clav  nor  sand,  l)eiiig  light,  loose,  not 
sticky,  light  in  color,  contains  little  organic  matter,  and  produces  only  a  medium- 
sised  stalk  of  com  or  cane. 

But  one  trial  run  was  made,  worked  by  itself ;  43  tons  of  cleaned  cane,  from  which 
was  obtained  3.850  pounds  of  sugar  of  98  per  cent,  purity,  and  1,000  gallons  of  mo- 
lafises,  being  90  pounds  of  sugar  and  23.2  gallons  of  molasses  from  each  ton.  The 
laboratory  work  under  the  direction  of  Dr.  H.  W.  Wiley,  in  chaige  of  Prof.  E.  A. 
von  Schweinitz,  assisted  by  Mr.  Oma  Carr,  has  been  most  satisfactory.  The  infor- 
mation gained  through  their  labors  will  prove  very  interesting  and  valuable  to  all 
friends  of  this  industry. 

I  am  well  satisfied  no  well-regulated  sugar  works  can  be  successfully  operated 
and  the  best  results  obtained  unless  a  complete  chemical  control  of  the  every -day 
work  prevails. 

The  following  facts  may  not  be  out  of  place:  This  enterprise  was  no  exception 
to  those  preceding  in  respect  to  starting  late  in  the  season,  after  the  crop  was 
planted,  aa  it  were.  Less  than  tliree  months  intervened  between  the  placing  of  or- 
ders for  the  machinery  and  the  date  of  ripening  of  the  first  planted  cane.  Tlie  fac- 
tory was  two  weeks  in  starting,  and  the  other  end  of  the  season  shortened  by  burn- 
ing of  the  boilers  November  4,  leaving  75  acres  of  most  excellent  cane  that  was  rich 
in  sugar. 

Oypsum  had  a  most  disastrous  effect  upon  the  boilers;  frequent  stoppages  of  work 
were  required  to  clean  them.  By  reason  of  excessive  scaling  of  boiler  snell  and  tubes 
the  efficiency  of  the  boilers  was  greatly  reduced. 

The  following  figures  relative  to  this  plant  were  taken  from  the  books  of  the  com- 
pany and  are  reliable: 

Cost  of  sugar-works  plant $44, 547. 72 

XjOSS  cost  of  water-works  plant -6, 000. 00 

$44,547.72 

88, 547. 72 

Donation  city  water-works  bonds 12, 800. 00 

Received  from  United  States  Department  of  Agriculture. .       10, 000. 00 
Farmer's  stock  for  cane  paid  in 4, 500. 00 

27, 300. 00 

Cost  to  present  owners H,  247. 72 

Cost  of  kbor 5, 896. 02 

Less  labor  on  water  works 1, 500. 00 

4, 396. 06 

Cost  of  fuel 3, 096. 88 

Cost  of  cane 5, 980. 00 

Cost  of  incidentals,  barrels,  etc 1, 864. 37 

14, 886. 72 

100,000  pounds  sugar,  at  6*  cents 6, 500. 00 

100,000  pounds  sugar,  2  cents.  State  bounty 2, 000. 00 

36,000  gallons  molasses,  at  12  cents 4, 320. 00 

6,000  bushels  seed,  50  cents  (estimated) 3, 000. 00 

15, 820. 00 

Gain 988. 28 

Five  thousand  dollars  were  paid  to  railroads  for  freight  transportation.  The  cost 
for  coal  and  labor  to  handle  1  ton  of  cane  is  $2.50;  much  coal  was  used  for  testing 
machinery,  water- works,  etc.  Profit  per  ton  over  cost  of  production,  33  cents. 
Taking  the  season  as  a  whole  the  plant  was  operated  at  less  than  half  its  capacity 
with  no  decrease  in  cost  of  labor.  Fully  150  tons  could  have  been  worked  with  the 
same  labor  and  an  increase  of  20  per  cent,  of  fuel,  making  the  value  per  ton  of  cane 
worked  over  cost  of  production  $1.62,  or  $243  per  day. 

For  working  a  200-ton  plant  costing,  perhaps,  20  per  cent,  and  fuel  25  per  cent., 
would  show  value  of  product  over  cost  of  production  of  $3.60  per  ton,  or  $720  per 

day. 
Tliese  yields  are  based  upon  results  of  this  season's  work — 60  pounds  of  sugar  and 
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16i  gallons  of  molasses  from  each  ton,  which  certainly  is  20  per  cent,  less  than  may 
reasonably  be  expected  by  tlie  use  of  good  water. 

The  average  quality  of  sugar  as  plaoed  upon  the  market  from  these  works  was 
equal  to  the  best  in  purity,  but  stained  slightly  by  contact  with  black  molasses;  it 
lias  a  hard,  firm,  meuimn-sized,  well-cut  grain,  was  dried  thoroughly,  and,  unhke  all 
fine-grained  sorghum  sugars  heretofore  produced,  does  not  cake  or  become  hard  in 
the  ^rrel.  It  stands  next  to  granulatea  in  price  and  sweetening  power,  the  jobbers 
selling  at  6|  cents  per  pound  more  of  this  sugar  than  all  yellow  sugars  combined. 
Confectioners  appreciate  its  sweetening  power.  The  molasses  was  very  dark  in 
color,  sliarp  and  bitter  to  the  taste,  claasea  but  little  better  than  black-strap;  with 
pure  water  the  quiility  should  be  improved  and  the  selling  price  increased  to  18  or 
20  cents  per  gallon. 

The  Department  of  Agriculture,  imder  the  direction  of  Dr.  H.  W.  Wiley,  who  first 
advocated  and  practically  appUed  the  process  of  diffusion  to  the  manufacture  of 
sugar  from  sorgiium,  has  made  it  possible  to  secure  practically  all  the  sugar  in  the 
juice,  tliis  being  the  first  and  greatest  step  towards  the  establishment  of  the  indus- 
try: the  next  greatest  and  scarcely  less  important  step  still  awaits  a  solution.  I  refer 
to  the  clarification  of  sorghum  juices.  The  methods  now  employed  for  this  purpose 
are  boiTowed  from  the  sugar-cane  work  of  Louisiana,  being  merely  the  addition  of  lime 
and  removing  what  scums  appear  on  the  surface.  An^ysis  snows  the  amount  of 
sugar  in  each  ton  of  cane,  averaging  the  whole  season,  to  be  249  pounds;  the  glucose 
would  hold  in  solution  66  pounds,  leaving  188  pounds  available  did  not  other  sohds, 
as  gums,  starch,  coloring  matter,  etc.,  adso  resta^in  1.4  times  their  equal  of  sugar 
from  graining,  until  a  possible  yield  of  100  pounds  or  less  from  each  ton  of  cane  is 
our  b^t  work.  Must  we  stop  here  and  permit  the  loss  of  one-half  or  more  of  the 
sugaj  found  in  the  cane  ?  The  task  is  not  an  easy  one,  as  the  many  know  who  have 
considered  it  even  briefly,  but  its  importance  and  necessity  demand  that  we  sit  not 
idly  bv.  The  people  of  the  whole  southwestern  portion  of  this  State,  to  my  personal 
knowledge,  are  enthusiastic  upon  the  question  of  sorghum  sugar;  a  failure  any  sea- 
son to  grow  good  sorghum  is  not  recorded.  The  estaolishing  of  sugar  works  would 
bring  under  cultivation  lands  now  considered  of  Uttle  value  except  for  growing  sor- 

Shum,  and,  fortunately,  wiU  produce  a  sorghum  of  the  very  best  quality  for  pro- 
ucing  sugar. 

These  facts  are  fulljr  appreciated,  and  every  town,  many  without  water  and  others 
without  railroads,  aspires  to  the  possession  of  sugar  worlts. 

Daily  during  the  working  season  committees,  delegations,  and  individuals  visited 
the  sugar  works,  leaving  full  of  confidence  in  the  work. 

A  number  of  factories  could  be  erected  in  this  section  next  season  if  experienced 
men  could  be  found  to  operate  them. 

MR.   DEMING'S  DIRECTIONS  FOR  RAISING  CANE. 

Much  depends  on  a  good  stand  from  the  first  planting.  No  filling  in  will  be 
allowed.  If  necessary  to  replant  any  portion  it  must  be  replowed,  cultivated,  or 
Usted  over.  The  field  should  first  be  cleared  of  all  trash,  such  as  stalks,  weeds,  and 
bunches  of  grass.  This  is  best  done  by  raking  and  burning,  Unless  a  lister  is  used 
a  good  seed  bed,  such  as  for  wheat,  should  he  provided,  and  the  seed  deposited  in 
fresh,  moist  earth,  deep  enough  to  insure  moisture,  yet  not  beyond  the  sun's  warmth. 
Tliis  varies  from  one-half  inch  in  depth  on  heavy  clay  soils  to  3  or  more  inches  on 
light,  loose,  sandy  soil. 

It  is  essential  that  the  seed  be  planted  at  an  even,  imiform  depth  to  insure  its 
coming  up  and  ripening  early,  and  the  seed  must  under  no  circumstances  be  dropped 
or  covered  by  hand.  For  loose  sandy  soils  a  lister  is  a  good  planter.  A  good  garde., 
drill  may  answer,  and  under  some  circumstances  a  forced  wheat  drill,  having  ;ill 
the  holes,  except  the  two  next  the  outside  ones,  closed,  but  for  a  prepared  seed  I  c-d 
a  regular  two-horse  corn-planter,  with  or  without  a  drill  attachment,  gives  the  best 
result,  planting  at  a  uniform  depth,  and  the  wheel  firming  the  soil  about  the  seed, 
causing  it  to  germinate  and  grow  more  rapidly  with  a  better  start  of  the  weeda 
Unless  the  planter  has  brcx>m-corn  plates,  wnich  are  the  best,  the  holes  in  the  corn 
plates  should  bo  jxirtially  closed  witn  lead,  babbitt,  cork,  or  leather,  until  they  admit 
of  the  piissage  of  not  more  than  four  or  five  seeds  at  each  movement  of  the  plate. 
A  slight  excess  of  seed  should  be  planted,  and  tiie  hoe  used  to  properly  clean  it  out. 
Tliis  should  be  done  invariably  before  the  cane  is  4  inches  high.  Good  soils  will 
produce  a  stalk  of  cane  for  each  4  inches  of  row  space.  When  the  rows  are  42 
inches  apart,  two  stalks  should  be  allowed  a  space  of  10  inches,  three  stalks  18 
inches,  four  stalks  30  uiches,  six  stalks  43  inches,  and  never  more  than  six  stalks  in 
any  one  bunch,  no  matter  how  spaced. 

Foul  land  is  easiest  tended  when  planted  in  checks,  and  all  lands  so  planted  pro- 
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duce  more  sugar  but  a  smaller  tonnage  than  when  planted  in  drills.  The  cultiva- 
tion should  bo  merely  upon  the  surface,  to  avoid  cutting  and  otherwise  disturbing 
the  roots,  checking  their  growth,  and  inducing  a  growth  of  suckers  to  sap  the  parent 
stalks  and  retard  their  development. 

All  that  is  required  is  to  keep  the  grass  and  weeds  in  check,  and  all  cultivation 
should  cease  when  the  joints  appear,  as  any  interference  with  the  roots  at  this  time 
results  most  seriously.  One  well-maturea  stalk  will  grow  on  the  space  occupied 
by  two  small  ones,  is  as  heavy  as  six  small  ones,  and  contains  more  iuice  sugar  and 
less  impurities  in  proportion  to  its  weight.  The  seed  and  leaves  are  less  than  25  per 
cent,  of  total  weight  of  the  large  staLks,  while  with  small  canes  the  loss  from  this 
source  may  reach  fully  50  per  cent. 

To  plant  cane  upon  new  ground  the  turned  sod  should  be  quite  thin,  but  evenly 
and  smoothly  laid.  The  seed  should  be  planted  with  a  two-horse  corn-planter,  pro- 
vided with  a  rolling  coulter  to  cut  and  not  displace  the  sod,  depositing  the  seed  just 
underneath  the  subsoil.  The  sod  acts  as  an  excellent  mulch  to  retain  moisture  and 
prevent  the  growth  of  grass  and  weeds,  no  cultivation  or  further  attention,  except 
thinning,  being  necessary  until  harvest  time.  A  good  practice  for  planting  cane 
upon  old  ground  is  to  plow  the  land  at  any  time  during  early  spring,  but  ao  not 
harrow.  At  planting  time  take  a  two-horse  cultivator,  place  three  smallshovels  upon 
each  beam,  spread  and  fasten  the  beams  so  that  the  shovels  will  work  up  a  space 
for  two  rows,  each  4  inches  deep  and  12  pohes  wide.  Let  the  planter  follow  soon, 
depositing  the  seed  in  the  center  of  this  worked-over  space.  There  will  be  no  weeds 
or  grass  for  6  inches  upon  either  eide  of  the  plants,  and  the  cultivator  will  care  for 
the  space  between  the  rows.  Cane  deteriorates  very  rapidly  when  cut,  lying  on  the 
ground  in  bunches,  exposed  to  the  sun  and  drying  wmds,  a  few  days  of  such  ex- 
posure changing  the  sugar  into  glucose.  Cane  shoiud  be  delivered  the  same  day  as 
cut,  the  only  exception  to  this  rule  being  to  cut  and  load  on  the  wagon  the  evening 
before  what  can  be  dehvered  early  the  next  morning. 

Next  to  the  importance  of  properly  thinning  the  canes,  the  necessity  of  having 
well-matured,  freshly  cut,  promptly  delivered  cane  is  the  most  important  point  con- 
nected with  the  agriculture  of  this  business. 
Instructions  for  converting  an  ordinary  hay-rack  into  a  cane-rack  will  be  furnished 
^  by  the  cane  agent.    Each  wagon  must  be  provided  with  two  ropes,  each  three- 
'  fourths  of  an  inch  in  diameter  and  85  feet  long,  by  which  the  cane  is  unloaded. 
The  cane  must  be  loaded  so  the  tops  project  over  the  right  side  of  the  rack,  facing 
the  team. 

AB  STRACT  OF  REPORT  OF  E.  A.  V.  8CHTVEINITZ. 

Conway  Springs,  Kans. 

The  results  of  analyses  of  whole  canes  are  recorded  in  table  No.  1.  The  canes 
were  topped  and  stripped,  and  the  juice  expressed  by  means  of  a  small  hand-mill.  The 
average  amount  of  sucrose  in  the  juice  was  about  2  per  cent,  liigher  than  the  aver- 
age of  any  crop  heretofore  worked.  The  highest  per  cent,  was  found  in  sample  No. 
162,  taken  from  a  load  of  Sterling  Orange.  The  lowest  percentage  of  sucrose  was 
noted  in  two  samples  of  mixed  Ajmber  and  unripe  Orange  on  September  4  and  Sep- 
tember 10.  The  Dest  samples  taken  during  the  working  season  were  Nos.  27,  Am- 
ber, 852,  Orange,  and  874,  Link's  Hybrid.  The  Amber  cane  after  being  cut,  if  left 
lying  for  any  fength  of  time,  deteriorated  rapidly,  as  shown  by  the  analysis  of  No. 
26. 

The  percentage  of  moisture  in  the  cane  during  the  month  of  October  decreased 
rai)idly,  and  the  same  quantity  by  weight  of  cane  yielded  only  about  one-half  the 
weight  of  juice  given  earlier  in  the  season.  The  dryness  of  the  cane  was  also  noted 
by  the  farmers,  as  their  loads  lost  several  himdred  pounds  as  compared  with  the 
same  sized  load  during  the  first  part  of  the  vt)rk.  It  may  also  be  noted  that  the 
cane^was  very  pithy.  On  an  average  one  out  of  every  five  stalks  contained  little  or 
no  juice,  and  a  large  amount  of  fiber.  The  cane  cut  during  October,  a  great  quan- 
tity of  which  was  left  lying  from  two  to  three  days  at  a  time  on  account  of  delays 
in  working,  did  not  deteriorate  to  any  great  extent.  The  dryness  of  the  cane  again 
probably  explains  this. 

After  the  factory  stopped,  a  number  of  samples  of  cane  was  taken  for  the  purpose 
of  determining  the  condition  of  the  still  outstanding  crop. 

Samples  Nos.  882  and  888  gave  the  highest  result  of  the  season.  Another  sample, 
No.  383,  from  a  field  which  the  cane-grower  claimed  was  the  poorest  out,  showed  a 
high  percentage.  No.  378  was  from  a  field  of  second  growth  from  stubble.  On 
November  4,  some  25  tons  of  cane  were  left  on  the  rack.  One  lot  was  selected  and 
analyzed,  some  of  it  put  into  a  silo.  A  sample  of  the  remainder  tested  four  days 
later  showed  that  there  had  been  no  deterioration  in  the  cane,  as  can  be  seen  from 
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analyses  Nos.  886  and  391.    This  cane  had  been  exposed  to  heavy  frost,  snow,  and 
thaw. 

Cane  taken  from  the  field  on  November  7,  and  again  from  same  field  November 
12,  showed  but  little  deterioration. 

The  average  percentage  of  sucrose  in  the  mill  juices  from  the  fresh  chips  is  .8  per 
cent,  higher  than  that  recorded  in  the  average  of  the  whole  canes.  This  is  explained 
by  noting  several  very  low  percentages  of  sucrose  in  some  of  the  samples  of  whole 
cane,  without  a  corresponding  low  percentage  in  the  chips. 

Here  it  may  be  noted  that  in  taking  samples  of  fresh  and  exhausted  chips,  as  also 
of  diffusion  and  clarified  juices,  care  was  taken  to  secure  comparative  samples. 
The  battery  consisted  of  16  cells,  but  only  12  of  these  were  in  the  circuit  at  one  time. 
The  fresh  chip«  were  taken  from  these  12  cells  and  the  exhausted  chips  from  tlie 
same.  Tlie  juices  were  sampled  as  they  ran  into  the  defecators,  care  being  taken 
to  secure  those  corresponding  to  the  fresh  chips.  The  samples  of  semi-sirup  were 
taken  as  a  rule  once  every  twelve  hours,  and  correspond  approximately  to  the  juices 
analyzed.  For  the  most  part  two  sets  of  samples  were  laKen,  one  in  the  morning 
and  the  other  in  the  afternoon. 

TTie  lowest  sucrose  and  highest  glucose  were  recorded  at  the  beginning  of  the 
season.  The  highest  sucrose  of  the  season  was  noted  on  October  15,  and  the  lowest 
glucose  on  October  26. 

The  average  percentage  of  sucrose  for  October  was  13.22  and  glucose,  2.07.  From 
September  26  to  the  end  of  the  season  the  mill  juices  appeared  to  be  unusually  rich. 
The  average  for  October  was  .8  per  cent,  higher  than  the  average  for  the  entire  sea- 
son. Tliis  is  2.88  per  cent,  higher  than  the  average  at  Fort  Scott  in  1887.  As  noted 
in  connection  with  the  whole  canes,  the  dryness  may  partly  explain  this,  but  the 
location  and  soil  of  Conway  seem  to  be  especially  adapted  to  the  growth  of  sorghum. 
It  is  further  south  than  any  other  point  in  Kansas  where  sorghum  has  been  grown, 
and  the  season  appears  to  be  longer  and  better  than  in  eastern  Kansas. 

The  mean  of  sucrose  in  diffusion  juices  is  higher  than  the  mean  at  Fort  Scott  in 
1887,  but  considerably  lower  than  would  be  expected  from  the  analyses  of  the  chip 
juices.  The  difference  may  be  accounted  for  either  by  the  dryness  and  pithiness  of 
the  canes,  as  just  mentioned,  or  by  inversion  in  the  battery.  In  order  to  prevent 
inversion,  if  any,  carbonate  of  Ume  was  used  in  the  battery  for  a  time.  Afiliough 
the  acid  was  neutralized  to  about  the  same  extent  as  at  Fort  Scott,  apparency 
inversion  was  not  prevented.  In  place  of  carbonate  of  hme  a  number  oi  experi- 
ments were  made  with  caustic  Ume.  The  lime  was  distributee!  upon  the  chips  as 
they  passed  from  the  macerator  to  the  battery  by  means  of  a  roll,  about  1^  pounds 
of  lime  being  added  to  each  cell. 

The  object  was  to  add  just  so  much  lime  to  the  chips  that  100  c.  c.  of  the  juice 

when  in  the  clarifiers  would  require  about  5  c.  c.  of  ^^  alkali  to  neutralize  it. 

Tlie  highest  per  cent,  of  sucrose  for  the  season  in  the  diffusion  juice  was  noted 
September  29,  10.02  per  cent.,  being  2.30  per  cent,  above  the  average.  The  corre- 
sponding mill  juice  for  the  same  date  was  14.92  per  cent,  sucrose,  2,5  above  the 
average,  showing  that  fair  comparative  samples  had  been  secured. 

The  average  during  October  was  8.59  per  cent,  sucrose,  1.74  per  cent,  glucose, 
better  than  the  results  obtained  at  La^vrence,  La. ,  bearing  in  mind  the  fact  that  the 
sugar  cane  has  less  glucose.  The  purity  of  the  diffusion  juices  was  lower  than  that 
of  the  mill  juices  from  the  chips.    This  is  due  probably  to  inversion  in  the  battery. 

Record  was  kept  during  the  entire  season  of  the  amounts  of  sucrose  and  glucose 
left  in  the  chips.  The  highest  percentage  of  sucrose  in  the  mill  juices  from  these 
was  noted  at  tne  end  of  the  season,  November  2,  being  2.91  per  cent.  The  average 
extraction  for  the  entire  season  was  88.72  per  cent,  of  the  sugar  in  tlie  cane.  Tliis 
Ls  a  poor  extraction,  being  fully  4.1  per  cent,  lower  than  the  extraction  at  Fort  Scott 
in  1887.  The  average  dilution  for  the  season  was  11.55  per  cent.  I^om  the  first  of 
tlie  season  to  October  15,  160  gallons  were  drawn  off  each  time;  from  that  date 
till  the  close  of  the  season  180  gallons.  Each  cell  held  1,400  pounds  chips.  Deduct- 
ing 10  per  cent,  for  fiber  we  have  1,260  pounds  juice  in  each  celL 

A  vc  rage  weight  of  juice  drawn  from  first  of  season  to  October  15. pounds. .  1, 849. 00 

From  then  till  close  of  season , do. . , .  1, 512.  00 

Mean  Brix  from  September  6  to  October  15: 

In  mill  juices 18.  03 

In  diffusion  juices 18.  05 

October  15  to  Nov.  2: 

Mill  juices 20. 10 

Diffusion  juices 12..55 

Dilution  from  September  6  to  October  15 per  cent. .  6.  50 

Dilution  from  October  15  to  close  of  season do. ...        16. 06 
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The  poor  extraction  was  due  partly  to  the  large  chips  furnished  by  the  small 
cutters  during  a  portion  of  the  season,  to  the  irregularity  in  working,  but  chiefly  to 
the  small  quantity  of  juice  drawn  off ;  all  points  whion  might  have  been  more 
carefully  noted  and  the  loss  avoided.  As  the  dilution,  if  moderate,  is  of  small  im- 
portance, the  object  should  be  to  get  all  or  as  nearly  all  as  possible  of  the  sugar  from 
theccuie. 

The  water  from  the  well  proved  upon  examination  to  be  highly  charged  with 
mineral  matter,  containing  8l8  grains  to  the  gallon.  This  was  chiefly  gypsum,  to- 
gether with  some  little  magnesium  sulphate  and  sodium  chloride.  A  10-per  cent, 
solution  of  sugar  prepared  with  this  water  and  evaporated  to  a  thick  sirup  showed 
no  more  inversion  than  a  solution  of  the  same  strength  made  up  with  distilled 
water  and  evaporated.  The  addition  of  acetate  of  lime  to  the  solution  had  no  in- 
verting action. 

The  water  gave  particular  trouble  in  the  boilers,  forming  rapidly  a  heavy  scale. 
The  want  of  proper  cleaning  in  the  early  part  of  the  season  caused  burning  of  the 
boilers  on  November  4,  and  stopped  the  work.  The  latt«r  part  of  the  season  the 
vapor  water  was  run  into  a  pond  and  used  for  diffusion  pul^ses.  This  water  was 
strongly  acid,  due  to  the  decomposition  of  organic  matter,  and  not  much  of  an  im- 
provement on  the  well  water.  On  accoiuit  of  the  foaming  it  was  difficult  aJso  to  use 
it  in  the  boilers. 

In  the  few  samples  of  masse  cuite  not  enriched  the  proportion  of  sucrose  to  glu- 
cose was  about  the  same  as  in  the  semi-sirups,  showing  that  there  was  no*  any  in- 
version in  the  strike  pan. 

The  percentage  of  ash  found  in  the  masse  cuite  is  1.5  higher,  and  in  the  molasses 
1  per  cent,  higher  than  the  average  found  at  Fort  Scott  in  1887.  This  we  may  fairly 
attribute  to  the  large  amount  of  gypsum  in  the  water.  After  pond  water  was  substi- 
tuted for  the  well  water,  except  on  one  or  two  days  when  lime  in  the  battery  was 
in  excess,  the  corresponding  percentage  of  ash  was  diminished. 

The  following  is  tne  record  of  the  number  of  tons  of  cane  worked,  sugar  and  mo- 
lasses made: 

Total  niunber  of  tons  of  cane  passed  over  the  scales,  2,991. 

Of  this  480.5  tons  were  Early  Amber  mixed  with  unripe  Sterling  Orange;  8,660.5 
tans  were  chiefly  Orange  with  a  small  quantity  of  Link  s  Hybrid.  The  estimated 
average  tonnage  per  acre  is  10.  The  highest  tonnage  18.5  per  acre.  Twenty-five 
tons  were  left  on  the  cane  rack  when  work  stopped,  so  that  the  actual  number  of 
tons  of  cane  worked  was  2,996,  and  tons  worked  ror  sugar  2,585.5.  Tons  of  cane  for 
molasses  only,  480.5.  Deducting  25  per  cent,  for  leaves  and  seed  we  have  2,325  tons 
of  cleaned  cane. 

Total  number  of  cells  filled  from  September  12  to  close 2, 730 

Number  of  pounds  of  chips  in  each  cell 1, 400 

Total  number  of  pounds  of  chips  in  cells  (1,860  tons) 8, 722, 000 

Number  tons  cleaned  cane  from  September  12  to  close 1, 901 

Making  a  difference  of  41  tons  unaccounted  for,  some  of  which  was  thrown  out 
by  the  fan  and  from  the  drag.  The  remainder  can  be  attributed  to  lost  records 
which  were  missing  for  several  days'  work. 

YIELD  OF  SUGAR. 

Total  number  of  pounds  of  sugar 100. 500 

Gallons  of  molasses 86. 000 

There  was  left  on  hand  at  close  of  season  one  tank  full  of  semi-sirup,  equal  to  600 
gallons  of  molasses.  This  makes  average  yield  of  sugar  per  ton  of  neld  cane,  esti- 
mated on  the  cane  actually  worked  for  sugar,  as  89.2  pounds,  and  on  cleaned  cane 
52.8  pounds  per  ton.  The  quantity  of  molasses  made  per  ton  of  clean  cane  was  14. 
Or  estimating  the  sugar  on  total  number  of  tons  of  cane  cut  during  the  season  we 
have  45.1  pounds  per  ton  of  cleaned  cane.  Two  trial  runs  were  made  during  the 
season.  The  first  46.9,  tons,  gave  8,986.5  pounds  sugar  and  9,580  gallons  molasses, 
equal  to  85  pounds  sugar  ana  20  gallons  molasses  per  ton.  The  second  trial  run 
gave  90  pounds  sugar  and  16  gallons  of  molasses  per  ton  on  a  run  of  60  tons. 

During  the  season  there  were  lost  by  carelessness  4,800  gallons  of  semi-sirup  and 
7,200  gallons  of  juice,  con*esponding  to  about  100  tons  of  cane.  The  battery  soured 
twice  and  was  drawni  off  twenty-eight  times,  causing  a  loss  of  one  himdred  and 
ninety-two  cells  of  chips  of  1,400  pounds  each,  equal  to  184  tons  of  cane.  Deduct- 
ing, then,  234  tons  from  the  number  of  tons  worked  for  sugar  we  have  1,667  tons 
of  cleaned  cane  with' an  average  of  60.2  j)Ounds  sugar  per  ton. 

From  each  ton  it  was  estimated  that  2  bushels  of  seed  and  200  pounds  of  leaves 
were  obtained.  The  seed  was  carefully  hand-picked  and  thrashed,  so  that  this  prod- 
uct will  prove  very  valuable. 


REPORT   OF   THE   CHEMIST.  287 

The  total  number  of  days  actual  work,  counting  each  day  at  twenty-two  hours. 
was  thirty.  By  that  we  mean  that  the  number  c«  hours  during  which  the  cutter 
actually  worked  would  be  equal  to  thirty  days  of  twenty-two  hours  each.  If  a  fac- 
tory is  substantially  built,  the  machinery  strong  and  every  bolt  in  its  place,  there  is 
nn  reason  why  tliere  should  not  be  a  steady  yearly  run  of  ninety  days  full  time. 
Daring  the  working  season  every  hour's  delay  is  so  much  money  lost,  and  a  sugar 
factory  should  run  as  smoothly  as  a  grist  mill.  It  is  a  question  of  practical  mechanics 
which  a  good  machinist  can  handle. 

ABSTRACT  OF  THE  REPORT  OF  A.  A  DENTON  AND  C.  A.  CRAltfP- 

TON.  STERLING  EXPERIBftBNT  STATION. 

The  experimental  work  which  had  been  done  at  the  Sterling  sugar  experiment 
station  was  wholly  in  the  line  of  improving  the  sorghum  plant  with  a  view  u» 
increase  the  yield  of  sugar  from  sorghum  canes,  to  obviate  certain  physical  or  out- 
ward faults  of  the  plant,  and  to  obtain  varieties  which  are  less  variable  in  their 
yield  of  sugar. 

It  is  probable  that  the  extraction  of  juice  from  sorghum  canes  has  nearly  or  quite 
reached  its  practical  limit  and  that  diffusion  apparatus  needs  only  to  be  improved 
in  details  of  construction,  which  is  more  properly  the  work  of  machinists. 

It  is  probable  that  the  evaporating  apparatus  used  in  sugar  manufacture,  "^he 
triple  effect,  the  vacuum  pan,  etc.,  will  not  soon  be  very  greatly  improved,  for  cney 
are  the  result  of  many  years  of  experiment  by  scientists  aided  by  the  most  skilled 
engineers. 

There  remains,  however,  a  very  imix)rtant  and  promising  field  for  experimental 
work  in  the  line  of  sugar  manufacture,  and  that  is  the  improvement  of  the  sorghum 
plant  upon  which  the  sorghum-sugar  industry  depends  for  ultimate  success.  The 
unportance  and  necessity  of  such  work  has  been  recognized  by  every  one  who  has 
been  engaged  in  the  development  of  the  industry,  but  very  httle  has  l>een  actually 
done  in  that  dire(!ti()n;  the  greatest  attention  has  l^een  devoted  to  the  methods  of 
extraction  and  manufacture,  while  the  quahty  of  the  raw  material  has  been  neg- 
lected. 

If  improvcnl  varieties  of  sorghum  were  developed,  as  improved  varieties  of  the 
sugar  cane  or  of  the  su^ar  beet  have  been  developed,  a  successful  future  for  the 
sorghum-siip^ar  industry  m  competition  with  the  sugar-cane  and  the  sugar-beet  in- 
dustries could  \w  confidently  assured. 

In  illustration  of  this  disability  which  hinders  the  sorghum-sugar  industry  it  is 
proper  to  retail  the  fact  that  the  new  beet-sugar  factory  erected  tnis  year  in  Cali- 
fomia  importc^d  beet  seed  from  Europe  at  heavy  cost,  because  there  the  sugar  beet 
has  been  bred  up  and  improved  by  many  years  of  persistent  effort  by  experts  in 
that  line,  so  tliat  this  Em-opean  improved  beet  seed  produces  at  once  in  Ccuifomia 
beets  which  contain  from  12  to  15  per  cent,  of  sugar.  New  sorghum-sugar  factories 
have  l^en  built  this  season  in  Kansas,  but  they  can  nowhere  prociu-e  similar  im- 
proved sorgluun  seed,  for  the  sorghum  plant  has  yet  to  be  developed  and  improved. 
As  an  instance  of  the  necessity  for  the  exercise  of  care  in  the  selection  of  seed,  the 
experience  of  two  of  the  new  factories  this  season  may  be  cited.  One  of  us  visited 
the  factories  at  Douglass  and  Conway  Springs  at  the  beginning  of  the  season,  about 
September  7;  at  the  latter  place  there  was  great  complaint  of  the  quahty  of  the 
early  cane;  s(hh1  had  been  obtained  supposed  to  be  pure  Early  Amber,  but  seed  of 
later  varieties,  such  as  Orange,  had  been  allowed  to  become  mixed  with  it  in  con- 
siderable quantities,  and  the  result  was  a  field  of  cane  of  which  the  ^eater  part  was 
fully  ripe  and  ready  for  working  while  a  portion  was  still  green,  with  the  seed  not 
yet  out  of  the  dough.  It  reijuired  entirely  too  much  labor  to  separate  it  in  the  field, 
and  when  the  vanv  was  cut  and  brought  to  the  factory  the  green  cane  lowered  the 
average  of  the  whole  to  su(^h  an  extent  that  it  was  hardly  fit  to  work  for  sugar.  At 
Douglass  alx)ut  \(X)  acres  had  Ix^en  planted  for  early  cane  with  seed  supposed  to  be 
Early  AmlKT.  As  the  factory  was  greatly  delayed  in  starting  up  fears  nad  been  en- 
tertained that  this  cane  was  overripe  and  deteriorating.  Examination  showed  this 
"  early  cane'  to  l)e  not  Early  Amber  at  all,  but  the  old-fashioned  Chinese,  a  variety 
which,  with  us  at  least,  did  not  attain  its  maximum  of  sugar  content  until  quite  late 
in. the  season.  Had  the  factory  gotten  into  operation  by  the  middle  of  August,  as 
they  exj>ecte(l,  they  would  have  found  their  '*  early  cane"  entirely  too  green  to 
make  sugar. 

THE  ORIGIN  OF  THE  EXPERIMENTAL  WORK  AT    THE    STERLINa  SUGAR    EXPERIMENl 

STATION. 

In  the  spring  of  1888  the  Sterling  Sirup  Works  planted  all  the  varieties  of  sorghiup 
which,  with  the  time  and  means  at  their  command,  they  could  procure  in  this  or  in 
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foreign  countries,  in  an  experimental  field  under  as  similar  conditions  as  possible,  in 
order  to  enable  them  to  compare  the  qualities  of  the  canes  of  the  numerotis  varieties 
with  a  view  to  selecting  the  best  varieties  for  future  cultivation.  They  had  in  mind 
a  similar  experimental  plantation  in  Jamaica,  where  60  to  70  varieties  of  the  sugar 
cane  have  for  many  years  been  grown  in  order  to  select  the  varieties  which  were 
best  suited  to  the  W^  Indies;*  the  result  of  which  is  shown  by  the  fact  that  an 
improved  variety  of  sugar  cane,  which  is  sometimes  called  **  Jamaica"  because  it 
was  grown  at  and  introduced  by  the  Jamaica  experiment  station,  is  now  giving  an 
extraordinaiy  yield  of  sugar  in  many  places.  They  were  induced  to  undertake  this 
experimental  work  by  the  necessities  of  their  business.  In  the  past  seven  years 
they  have  produced  each  year  from  500  to  700  acres  of  cane,  and  have  manufactured 
the  crop.  Each  year  they  have  planted  the  common  varieties,  and  also  vaiieties  new 
to  them  which  they  could  readily  procure.  The  selection  of  better  varieties  and  the 
improvement  of  the  quality  of  the  canes  is  a  liiatter  of  importance  to  them,  as  it  is 
to  all  others  who  are  concerned  in  the  sorghum  industry. 

It  appeared  to  the  Sterling  Sirup  Works  that  the  first  step  to  be  taken  in  improv- 
ing the  sorghum  plant  was  to  collect  as  many  varieties  as  possible  from  all  locaUties 
where  sor^um  is  grown,  to  acclimate  them  and  practically  test  the  numerous  vari- 
eties in  all  the  points  which  constitute  a  good  variety  of  sorghum. 

It  is  now  to  be  regretted  that  a  much  more  extended  search  was  not  made  in  this 
and  in  foreign  countries  for  other  rare  and  unknown  varieties;  but  they  then  re- 
garded this  year's  work  as  only  the  beginning  of  a  private  research  which  would 
continue  for  some  years. 

THE  NECESSITY  FOR  IMPROVING  THE  SORGHUM  PLANT. 

The  sorghum  plant  is  adapted  to  large  areas  of  the  country  which  are  not  adapted 
to  the  production  of  sugar  from  the  sugar  cane  or  from  the  sugar  beet.  It  is  espe- 
cially adapted  to  the  dry  climate  of  the  Great  West.  Its  cultivation  is  suited  to  the 
habits  of  the  farming  population.  When  the  sorghum  plant  has  been  successfully 
developed  and  improved  as  other  sugar-proclucing  plants  have  been,  the  sorghum- 
sugar  industry  will  prosper  and  wiU  employ  capital  and  labor  in  producing  the 
sugar  which  we  now  import. 

THE  FAULTS  OF  THE  SORGHUM  PLANT. 

The  sorg;hiun  plant  is  sometimes  a  good  sugar-producing  plant,  sometimes  it  is 
merely  a  sirup-producing  plant.  This  variability  in  the  chemical  composition  of 
its  juices  is  wnat  might  De  expected  from  a  plant  which  has  not  yet  be^n  bred  up 
to  fixed  types  of  excellence  by  long-continued  selections  of  seed  from  the  finest 
plants  of  tne  best  varieties. 

In  this  connection  it  is  interesting  to  note  that  in  1744  the  chemist  Marggraff  was 
able  to  extract  5  per  cent,  of  sugar  from  the  beet;  fifty  years  afterward  the  chemist 
Achard  was  able  to  extract  but  1  per  cent,  of  sugar  from  the  beet,  and  the  eminent 
chemist  Sir  Humphrey  Davy  published  positive  assertions  that  beet  sugar  could  not 
be  made  profitably,  and  tliat  beet  sugar  was  not  fit  for  use.  Sixty-five  years  after 
Mar^graff  had  extracted  5  per  cent,  of  su^ar  from  the  beet,  the  beet-sugar  factories 
realized  only  2  per  cent,  of  sugar  from  it.  These  facts  seem  to  indicate  that  the 
sugar  beet  was  variable  until  the  plant  had  been  developed. 

Besides  the  variability  of  the  sorghum  plant  th^re  are  other  faults  which  pertain 
in  greater  or  less  degree .  to  the  different  varieties.  Some  varieties  are  long  and 
slender  reeds  with  heavy  seed  tops  and  the  canes  are  hable  to  lodge  and  tangle  in 
storms.  This  fault  greatly  increases  the  difficulty  of  harvesting  the  canes,  and  the 
**  down  "  or  lodged  canes  are  also  inferior  in  saccharine  value. 

Some  varieties  **  tiller; "  that  is,  one  root  produces  several  canes  just  as  one  grain 
of  wheat  produces  several  stalks.  This  habit  is  injurious  because  the  secondary 
canes  ripen  at  different  periods,  and  in  harvesting  large  fields  of  cane  it  is  impossible 
to  avoid  mixing  overripe,  ripe,  and  unripe  canes.  Some  varieties  have  a  fault  of 
producing  false  or  secondary  seed  heads.  As  soon  as  the  cane  approaches  maturity, 
and  often  before  that  period,  it  forms  two  or  more  new  seed  heads  which  rapidly 
develop;  this  delays  the  ripening  of  the  cane  and  lessens  the  yield  of  sugar.  Some 
varieties,  as  soon  as  fully  mature,  produce  offshoots  from  each  joint  of  the  canes 
and  also  offshoots  from  the  roots,  and  the  sugar  in  such  rapidly  disappears.    Some 

*  Analyses  of  samples  of  these  different  varieties  from  a  collection  exhibited  at 
the  New  Orleans  Exposition  in  1885  were  made  by  C.  A.  Crampton,  at  the  Eugar 
laboratory  of  the  Department  of  Agriculture  in  its  exhibit.  The  results  of  these 
analyses  were  published  by  Professor  Morris,  in  the  Jamaica  Official  Gazette. 
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varieties  rapidly  deteriorate  in  the  quality  of  the  juice  as  soon  as  they  are  ripe  and 
allow  little  time  to  manufacture  the  canes.  Some  varieties  mature  very  small  seeds 
and  these  produce  plants  which  are  weak  and  slow-growing  in  the  first  weeks  of 
their  existence  and  are  kept  clear  from  the  more  vigoi*ous  weeds  with  greater  diffi- 
culty than  the  stronger  plants  which  are  produced  by  tlie  larger  seeds. 

Some  varieties  have  very  impure  juice  and  some  have  strongly  acid  juice.  Some 
varieties  give  hght  yield  of  cane,  hght  yield  of  juice,  and  hght  yield  of  seed.  Some 
varieties  obstinately  retain  the  ^lume  or  the  envelope  of  the  seed  grains  so  that  it 
can  not  well  be  separated  by  ordmary  means.  Analyses  seem  to  show  that  the  clean 
grain  of  sorghum  seed  is  practically  equal  in  value  to  com  as  food  for  stock,  but  the 
adhering  glume  or  envelope  contains  tannin,  which  is  injurious,  and  some  varieties 
contain  much  of  this  substance  and  some  but  little.  Some  varieties  mature  so  late 
that  they  give  but  httle  time  to  manufacture  the  canes  before  frost. 

THE  FAULTS  OP  THE  SORGHUM -PLANT  AND  OP  THB  SUOAB  BEST  COMPARED. 

The  sugar  beet  contains  mineral  substance  which  lessens  the  yield  of  su^ar.  As 
a  rule  these  mineral  substances  in  the  juice  vary  inversely  as  the  sugar  vanes;  that 
iB,  the  greater  the  percentage  of  sugar  the  lower  the  percentage  of  mineral  sub- 
stance. 

Sorghimi  contains  glucose  in  the  juice,  and  this  lessens  the  yield  of  sugar.  As  a 
rule  the  percentagje  of  glucose  in  the  juice  varies  indirectly  as  the  percentage  of 
sugar  vanes;  that  is,  the  greater  the  percentage  of  sugar  the  less  the  percent{^ge  of 
glucose. 

The  beet  has  also  physical  or  outward  faults;  it  is  a  biennial  plant;  it  stores  sugar 
the  first  season  and  produces  seed  the  second  season.  The  sugar  beet  often  goes  to 
seed  the  first  season  and  such  beets  are  worthless  for  sugar  manufacture. 

Sorghum  is  an  annual  plant.  It  produces  sugar  and  Siso  seed  in  one  season;  and 
when  it  has  produced  its  sugar  and  its  seed  it  often  attempts  a  second  crop  of  seed, 
and  this  lessens  the  yield  of  sugar. 

The  sugar  beet  sometimes  makes  a  "second  growth;"  sorghum  also  sometimes 
sends  out  offshoots  from  every  joint  and  offshoots  from  the  roots.  The  sugar  beet 
is  sometimes  hollow;  sorghum  canes  are  sometimes  pithy  and  contain  but  little 
juice. 

The  sugar  beet  is  sometimes  attacked  by  the  "brown  penetration,"  a  discolora- 
tion which  lessens  the  yield  of  sugar;  sorghum  canes  sometimes  have  brown  or  red 
spots  in  the  interior  of  the  canes. 

The  sugar  beet  often  had  faults  of  form;  it  had  forked  roots  making  harvesting 
the  beets  and  cleaning  them  from  dirt  more  difficult;  sorghum  also  has  faults  cS 
form. 

CAN  THE  SORGHUM  PLANT  BE  IMPROVED? 

Judging  by  all  analogies  the  sor^hmn  plant  can  be  very  greatly  improved  by  in- 
telhgent  ana  long-continued  selection.  Stirpiculture  in  the  animal  kingdom  has 
given  us  the  Cots  wold  sheep,  the  Poland-China  hog,  the  Jersey  cow,  and  the  Norman 
horse.  In  the  vegetable  kmgdom  it  has  given  us  the  Peabody  com,  the  Zinfandel 
grape,  the  Lapice  sugar  cane,  and  the  Klein-Wanzleben  sugar  beet.  It  has  been 
truly  said,  "  Wherever  and  whenever  plant  selection  of  the  oest  for  seed  has  been 
long  continued  wonderful  residts  have  been  obtained.'*  Darwin  said:  "  Let  any 
common  plant,  even  a  roadside  weed,  for  instance,  be  grown  on  a  large  scsle  and 
let  a  sharp-sighted  gardener  select  and  propagate  shght  variations,  and  see  if  new 
varieties  do  not  result."  E[nauer  started  with  a  variety  of  the  sugar  beet  which 
contained  but  11  per  cent,  of  sugar;  he  improved  it  bjr  selecting  the  best  for  seed 
until  he  produced  the  "  Imperial  variety  which  contained  16  per  cent,  of  sugar. 
Deprez  et  Fils,  by  selection  of  seed  from  the  best  roots,  produced  three  varieties  which 
contained  from  from  14  to  16  per  cent,  of  sugar.  Vilmorin,  the  celebrated  horti- 
culturist of  France,  created  the  *'  ImJ^roved  Vilmorin,"  improved  in  form  and  in 
yield  of  sugar.  There  are  no  apparent  reasons  why  the  sorghum  plant  may  not  bo 
improved  by  diligent  use  of  similar  methods. 

THE  METHODS  OF  IMPROVINQ  THE  PLANT. 

The  principal  methods  of  improving  the  plant  may  be  stated  as  follows : 

(1)  By  growing  and  testing  all  known  varieties  and  selecting  the  most  promising. 

(2)  By  hybridizing  or  crossing  these  varieties. 

(3)  By  preserving  "sports"  or  variations. 

(4)  By  selecting  seed  from  the  finest  individual  canes  of  each  variety. 

(5)  By  improved  methods  of  cultivation. 

AG  88 19 
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All  of  these  methods  have  been  practiced  to  a  greater  or  less  extent  in  the  work 
at  this  station,  and  the  results  will  oe  set  forih.  in  the  order  given  above.  It  must 
be  remembered,  however,  that  the  results  accomplished  in  this  direction  by  one 
season's  work  can  be  at  best  but  a  mere  beginning.  To  attain  the  end  desired  in 
the  improvement  of  the  plant,  the  continuation  of  such  work  over  a  series  of  years 
is  indispensable.  If  this  season's  work  and  the  methods  pui*sued  will  sei-vo  to  point 
out  the  necessity  and  imjyortance  of  this  line  of  investigation,  and,  in  general,  the 
manner  in  which  it  may  be  l^est  carried  out,  a  great  deal  will  have  l^een  accom- 
plished. It  is  hardly  necessary  to  call  attention  to  the  desirability  of  following  up 
the  system  of  development  thus  opened  up ;  and  it  is  to  be  hoped  that  opportunity 
may  be  afforded  the  Department  in  the  future  to  carry  out  this  work,  which  prom- 
ises to  be  of  the  greatest  value  to  the  sugar  industry. 

I.  Experiments  in  Growing  Different  Varieties  of  Cane. 

It  is  probable  that  all  varieties  of  sorghum  are  not  equally  well  adapted  to  all  lo- 
calities where  sorghum  is  grown.  Some  varieties  liave  peculiarities  wliich  cause 
them  to  succeed  best  in  certain  places ;  the  Early  Ajnber,  for  instance,  prolxably 
succeeds  better  and  has  more  valuable  quahties  in  Iowa  than  in  Texas.  There  is  an 
anEdogy  in  this  with  other  plants.  A  Rnenish  variety  of  the  grape  succeeds  best  in 
dry  soil;  a  Swiss  variety  succeeds  best  in  wet  climates.  Spanish  varieties  of  wheat 
do  not  succeed  in  Germany;  English  wheat  does  not  tlirive  in  India. 

To  select  the  best  varieties  of  sorghum  for  a  given  locality,  it  is  necessary  to  ^ow 
all  known  varieties  there  and  to  select  those  which  prosper  best  under  its  conditions. 

It  is  not  now  easy  to  collect  seed  of  numerous  varieties  of  sorghum.  The  common 
varieties  only  are  for  sale  by  seed  dealers;  other  varieties  can  onlj  be  found  among 
distant  cane-growers  in  this  and  in  foreign  countries.  In  coUectmg  many  varieities 
many  duplicates  of  some  varieties  are  obtained,  because  a  single  variety  often  has 
many  names.  This  is  natural  in  foreign  countries,  where  different  languages  are 
used;  but  in  our  own  country  the  same  variety  often  has  many  names,  wmch  are 
usually  derived  from  some  peculiarity  of  the  plant.  This  is  also  true  of  other  plants. 
It  is  said  that  all  the  varieties  of  the  sugar  beet  may  be  classed  in  four  groups. 
Hiere  seem  to  be  twenty-three  principal  varieties,  wliich  have  several  hundred 
names. 

The  varieties  of  sorghimi  often  can  not  be  distinguished  by  the  appeai*ance  of  the 
seed  alone,  or  even  by  the  seed-heads  alone;  they  can  best  be  classed  by  observing 
the  growing  canes.  Varieties  which  have  long  been  grown  under  very  different 
concStions  often  vary  enough  from  the  usual  type  to  be  classed  as  subvarieties.  The 
Chinese  cane  from  Australia  differs  in  some  respects  from  the  Chinese  from  Central 
America,  and  that  differs  in  some  respects  from  the  Chinese  of  this  country.  These 
facts  add  to  the  difficulty  of  classifying  the  numerous  varieties  of  sorghum.  Sor- 
ghum is  also  grown  in  opposite  hemispheres,  and  the  proper  season  to  collect  varie- 
ties of  sorghum  in  one  country  is  not  the  proper  season  in  another  country. 

varieties  grown  at  the  sterling  experiment  station. 

There  were  about  250  different  plots  of  sorghum  grown  at  this  station.  Of  these 
150  were  crosses  selected  by  Mr.  Denton;  the  remaining  100  plots  were  planted  with 
varieties  presumably  distinct,  though  more  than  one  plot  was  planted  of  a  few  stand- 
ard varienes  from  seed  obtained  from  different  localities.  Of  those  supposed  to  be 
distinct  varieties,  however,  though  sent  in  under  different  names,  many  were  found 
to  be  duplicates,  showing  minor  variations  perhaps,  but  not  sufficient  to  entitle  them 
to  classification  as  distinct  varieties.  For  instance,  seeds  of  the  well-known  variety, 
the  Red  Liberian,  were  received  bearing  the  names  "African,"  '*  Sumac,"  "CIud- 
head,"  **  Rio  Blanco,"  etc.;  samples  of  Honduras  seed  were  named  " Honey  Cane," 
**  Broom  Cane,"  **  Silver  Top;"  samples  of  Chinese  cane  seed  were  received'as  "  New 
Sugar  Cane"  and  "Sorghum  Saccharatum."  It  will  be  seen  in  the  following  an- 
alyses that  seeds  of  the  same  varieties  recer^ed  from  different  localities  produced 
canes  of  quite  different  qualities.  Thirty-six  of  the  varieties  proved  to  be  non-sac- 
charine, useful  for  forage  purposes,  but  not  containing  enough  saccharine  matter  to 
be  of  value  as  sugar-producing  plants.* 

In  addition  to  most  of  the  varieties  gi'own  in  the  United  States,  the  list  includes 
many  obtained  from  Asia,  Africa,  and  South  America.  The  seeds  of  many  foreign 
varieties  were  injured  by  dampness  and  by  insects;  from  some  of  these  not  a  single 
seed  germinated. 

*Of  the  non-saccharine  varieties  twenty  were  derived  from  China,  eight  from 
Africa,  three  from  India,  and  five  from  this  country.  The  seed  from  all  these  were 
carefully  preserved,  and  will  be  distributed  by  the  Department.  Many  will  doubt- 
less prove  new  and  valuable  acquisitions  as  forage  plants. 
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COMPARISON  OF  THE  VARIETIES  BY  ANALYSIS. 


s  at  first  sight,  to  make  a 


In  the  first  place,  to  uiake  a  fair  comparison  bptween.  varieties  they  should  be  taken 
at  their  maximum  of  maturity,  and  this  is  a  point  which  can  not  be  determined 
bj  any  outward  sign,  but  only  by  actual  analysis.  Then  the  difficulties  of  sampling 
cane  can  only  be  properly  appreciated  by  one  who  is  familiar  with  them.  Add  to 
these  the  dilRcultiee  if  comparison,  the  obstacles  in  the  way  of  always  getting  nni- 
lorm  conditions  in  the  growth  of  the  plots  themselves:  attacks  of  cbiooh-bugs  in 
one  plot  and  not  in  another;  a,  sandy  spot  in  one  and  not  in  another;  imperfect 
germin&tion  of  seed  in  one  plot,  causing  a  thinstand.  while  in  another  plot  the 
canes  stand  close  together;  and  it  will  be  seen  that  the  task  of  differentiation  be- 
tween varieties  by  growing  them  in  plots  and  submitting  the  canes  produced  to 
analysis,  is  by  no  mcins  an  easy  one.  It  Is  a  very  complex  problem.  One  season's 
WOTk  should  never  be  held  conclusive.  A  variety  may  have  been  placed  at  a  dis- 
advantage, from  some  one  of  numerous  possible  causes. 

In  the  work  here  the  varieties  were  analyzed  as  often  as  possible,  to  avoid  tlie 
error  of  having  analvses  of  either  unripe  or  over-ripe  canes  to  compare  with  the 
analyses  of  other  vufictiM  at  their  maximum;  the  highest  analysis  obtained  may  be 
taken  as  the  1>asis  of  comparison.  The  error  of  BamplinK  was  avoided  aa  much  as 
poesible  by  taking  good-sized  samples,  and  by  having  Uem  all  tak^n  by  one  and 
the  same  person.* 

The  errors  arising  from  differences  of  growth  were  augi 
iir^ularitifs  in  tlie  time  of  planting,  some  lots  of  seed  b 
the  spring.     The  time  of  planting  is  noted  with  each  plot. 

In  the  following  table  wie  highest  result  attained  by  average  samples  from  plots 
of  the  difi'erent  varieties  grown  is  eiven.  In  nearlv  all  cases  the  sample  showing 
the  highest  content  of  sugar  gave  also  the  best  results  in  the  other  two  essentials, 
vie,  mmimum  of  glucose  and  majiimum  of  purity;  but  where  this  rule  did  not  hold 
good  the  analysis  which  showed  superiority  in  two  essentials  was  inserted  as  the 
inalysis  attained  by  the  variety  during  the  season. 


Table  showing  mruHnmm  analyset  of  each  variety. 


Bwaln  s  Early  Golden 

TMiij  Traaeasee 

Whiting  s  Early  \  nnely 

BIst^cAmber 

VhKe  Amber 

Barly  Amber  from  Niw  \  otk 

Folger  s  Early  \  uirty 
aUneBe  from— 


South  Cwolinn 
Arkansas 

KsDssH  Ontage 
Ne»  OraiDw 
Late  Oranae  from  v 
Miilliim  Orause 
Rnl  Ijlierlaii  from  - 

Mwuwri 

Tixoa 
QotdenRod 
HoDi?  Drw 
DatcbprsHi  brill 
Link  s  Hybrta 


■Si? 

Date. 

No.  of 

■gr 

aucrose. 

Qlucow. 

Coeffl- 

cleDtoI 
parity. 

Ftr  fmf , 

Tt^i 

Aug  21 

IS.  OS 

l.BS 

T1.44 

Ail  W 

2.95 

H.lg 

£M 

Aug   SO 

isles 

10,30 

1.48 

88.  SO 

Se^     7 

UO 

IS.  88 

fl.50 

8.U 

Aug  M 

18.08 

H.es 

1.84 

23 

18.10 

I.  II 

TSiOO 

Aug  JS 

1.07 

78.14 

Oct      4 

uo 

\i.n 

l.M 

71.18 

m 

Oct    16 

m 

17.87 

11. 7« 

I.8S 

87.88 

bepLI- 

ns 

18.  U 

9.78 

>.)» 

33.2 

Oct      B 

908 

12. « 

wiso 

3- 

1.1.  ffl 

i!«) 

80.88 

09 

nisr 

TS.sg 

IB.  33 

lise 

7S.B7 

»j 

Sept 

m 

17.58 

%.»& 

1.33 

7S;n 

V» 

OCT 

m 

IB.  78 

3.81 

1.7S 

Sept  1 

a.  so 

6S 

&pp[    1 

ir!eo 

s!«o 

7S.W 

71.07 

m 

S^E   - 

is!ss 

sins 

sior 

M.U 

Oct 

va 

17, »» 

18.78 

a.s> 

S3j 

Sept 

11.  S4 

18.80 

70.48 

n 

6ept  a- 

M7 

19.  BS 

'  i*:7o 

lis* 

74.10 

Sept    B 

99 

H.86 

8.96 

4.48 

48.10 

E59 

Oct    £. 

s«a 

1810 

11.9! 

8.« 

88.88 

w 

Hept    3 

sn 

84.88 

18!«i 

.'as 

78. 7> 

*  Mr  Denton  did  all  the  sampling  himself. 
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Table  showing  maximum  analyses  of  each  variety — Continued. 


Variety. 


Price's  Hybrid 

Planter's  Friend 

Honduras  from— 

Louisiana 

Texas 

Goose  Nedc 

Waubansee 

White  African 

Texas  Red 

Unnamed  varietiea— 
United  States. . . . 

South  Africa 

United  States.... 

India 

South  Africa  — 
United  States. . . . 

Africa 

Do 

Do 

United  States. . . . 

Africa 

Do 

United  States.... 

Do 

Do 

Do 

Do 

Do 


No.  of 
plot. 


101 
214 

64 
66 
70 

229 


Date. 


Average 


9 
11 
14 
15 
16 
22 
24 
26 
28 
83 
86 
89 
44 
50 
61 
58 
67 
61 


Sept.  8 
Sept.  80 

Oct.  16 
Oct.  28 
Oct.  22 
Oct.  6 
Sept.  22 
Oct.  10 

Oct.  15 
Oct.  8 
Oct.  19 
Sept.  26 
Oct.  19 
Oct.  19 
Oct.  6 
Oct.  8 
Oct.  15 
Sept.  26 
Oct.  6 
Oct.  6 
Sept.  26 
Oct.  9 
Oct.  6 
Oct.  6 
Oct.  19 
Oct.  19 


No.  of 
analy- 
sis. 


84 
418 

596 
654 
664 
468 
805 
545 

610 
518 
646 
847 
644 
648 
497 
515 
608 
851 
494 
480 
856 
524 
498 
490 
684 
686 


°i^ 


16.84 
20.50 

16.54 
15.15 
17.20 
16.82 
17.20 
20.25 

16.26 
12.20 
18.60 
18.64 
16.10 
17.09 
18.42 
16.81 
16.20 
16.97 
15.82 
17.20 
17.44 
18.00 
17.77 
16.86 
18.00 
18.60 


SucrMe. 


16.79 


Percent. 
10.77 
18.88 

9.54 
9.84 
11.88 
11.71 
11.10 
18.80 

11.48 
•6.55 
18.84 
12.87 
10.70 
11.54 
12.72 
11.48 
11.88 
11.85 
10.29 
12.79 
11.87 
18.28 
12.80 
10.57 
9.98 
18.06 


I 


Glucose. 


Per  cent. 
2.71 
1.66 

8.24 
2.72 
2.59 
.91 
1.67 
2.84 

1.29 

2.66 

.55 

.60 

1.81 

1.49 

2.86 

1.60 

1.41 

1.41 

.68 

.60 

1.05 

1.01 

2.27 

2.96 

8.50 

2.32 


11. 6» 


1.86 


Coeffi- 
cient of 
purity. 


08.95 
67.46 

61.80 
64.96 
66.16 
71.76 
64.64 
68.14 

70.60 
58.69 
74.41 
60.06 
66.46 
67.62 
69.06 
70.89 
70.26 
69.88 
67.17 
74.86 
66.06 
78.78 
72.  (» 
62.78 
66.17 
70.22 


69.62 


These  results  are  quite  interesting  as  furnishing  a  means  of  comparison  of  the 
relative  merits  of  the  different  varieties.  The  ten  varieties  which  stand  highest  in 
each  of  the  three  essentials  are  given  below,  in  the  order  of  their  value: 


List  of  ten  varieties  giving  best  results. 


No. 

Sucrose. 

Per 
cent. 

Glucose. 

Per 

cent. 

Coefficient  of  purity. 

Per 
cent. 

1 

Red  Liberian  . . .  r , .  -  -  - 

14.76 

is.vr 

18.84 
18.88 
18.80 
18.70 
18.62 
13.28 
18.28 
18.07 

Plot  No.  74,  U.  S 

Plot  No.  89,  Africa 

Plot  No.  86,  Africa 

Plot  No.  15,  India 

Link's  Hybrid 

.55 

.60 

.68 

.65 

.82 

.91 

1.01 

1.02 

1.04 

1.05 

Link's  Hybrid 

Early  Amber 

75.72 

Q 

T.ink'8  Hybrid 

Plot  No  14 

75.60 

9 

Plot 'No.  14  

74.41 

4 

Plimter's  Friend 

TeTAS  Red 

Plot  No.  89 

74.86 

Red  Liberian 

White  India 

74.10 

A 

Ti!A.r1v  AmhAr 

Waubansee 

78.96 

7 

Early  Orange 

Plot  No  50    ■    

Plot  No.  50 

Plot  No.  60 

78.78 

1 
ft 

White  India 

Early  Orange 

Plot  No.  51 

72.92 

g 

nhinene         

Medium  Orange    

Plot  No.  44,  U.  S 

72.08 

10 

White  India 

Kansas  Orange 

71.97 

These  lists  comprehend  altogether  eighteen  varieties,  of  which  four  appear  in  all 
three  of  the  lists,  four  on  two,  and  ten  on  only  one,  as  follows: 


Plot  No.  14 3 

link^s  Hybrid 8 

Plot  No.  50 3 

White  India 3 

PlotNo.89 2 

Early  Amber "2 

Red  Liberian 2 

Early  Orange 2 

Plot  No.  36 i  1 


PlotNo.  15 1 

Waubansee 1 

Medium  Orange 1 

Plot  No.  44 1 

PlotN6.51 1 

E^ansas  Orange 1 

Planter  8  Friend 1 

Texas  Red 1 

Chinese 1 
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From  this  it  will  be  seen  that  four  varieties  combine  in  a  high  degree  the  three  good 
giialities  of  a  la^e  percentage  of  sucrose,  low  content  of  glucose,  and  high  pimt^  of 
3iiice.  Link's  Hybrid  and  the  unnamed  variety  No.  14  divide  honors  for  the  hrst 
place,  both  standing  very  near  the  top  of  the  list  in  all  three  essentials.  The  former 
has  alwavs  proved  a  good  sugar  producer,  where  it  has  had  time  to  mature  before 
frost.  The  Early  Amber  is  noticeable  for  its  high  purity,  five  of  the  plots  of  its  sub- 
varieties  giving  a  purity  of  over  70;  from  this  quahty  doubtless  arises  its  superiority 
as  a  sirup-making  variety.  The  low  content  of  glucose  in  several  of  the  imnamed 
varieties  from  tropical  countries  is  remarkable,  as  most  of  them  were  not  entirely 
mature  before  frost.  It  must  not  be  lost  sight  of  in  comparing  the  varieties  on  the 
basis  of  the  analysis  that  the  outward  faults  of  a  variety  may  entirely  overbalance 
its  value  as  shown  by  analysis.  The  Link's  Hybrid,  for  instance,  which  gives  such 
good  results  on  analysis,  has  a  fault  of  form  that  almost  destroys  its  practical 
value. 

• 

n.  Experiments  in  Hybridizing  or  Crossing  Varieties.— III.  Experiments  in 

Preserving  Sports  or  Variations. 

These  two  methods  of  improvement  may  as  well  be  considered  together,  for  in 
the  present  condition  of  the  sorghum  plant  it  is  hard  to  draw  the  line  between  them. 
The  different  varieties  which  have  become  established  cross  so  readily  with  one 
another  that  where  variations  occur,  in  a  field  of  cane,  for  instance,  it  is  often  diffi- 
cult to  say  positively  whether  it  is  a  true  sport,  whether  it  is  from  one  seed  of  a  dis- 
tinct variety  accidentally  introduced,  or  whether  it  is  from  a  seed  that  had  been  cross- 
fertilized  from  a  different  variety.  Doubtless  both  causes  of  variation  obtain  to  a 
large  extent,  for  the  one  is  a  natural  consequence  of  the  other;  that  is,  on  account 
of  the  readiness  with  which  two  individuals  cross,  a  large  number  of  varieties  have 
been  produced,  and,  as  many  of  these  are  not  well  established  or  fixed,  they  exhibit 
a  constant  tendency  to  revert  to  original  types,  thus  showing  variations.  Whether 
the  wide  variations  shown  in  the  different  kinds  of  sorghum  are  due  more  to  cross- 
ing or  more  to  type  variation  is  a  question  it  is  unnecessary  to  discuss  here.  It  is 
sufficient  to  show  that  such  capability  for  variation  does  exist.  In  the  work  done 
at  this  station  no  distinction  could  be  made  between  variations  produced  by  crossing 
and  those  wliich  were  true  sports.  As  this  season's  work  was  only  the  beguming  it 
was  impossible  to  obtain  true  artificially-produced  crosses,  that  is,  variations  produced 
by  the  careful  cross-fertilization  of  two  distinct  and  definite  types.  The  plots  caUed 
**  crosses  "  were  planted  from  seed  heads  obtained  by  Mi*.  Denton  from  various  fields 
of  sorghum,  and  were  simply  variations  from  the  general  type  of  the  cane  growing 
about  them.  In  the  great  majority  of  these  cases,  the  canes  produced  from  this 
seed  showed  such  well-marked  reversions  to  two  well-defined  types  that  it  was  a 
pretty  fair  presumption  that  they  actually  did  result  from  the  cross-fertilization  of 
those  types;  but  of  course  such  work  should,  in  the  futm*e,  be  carried  out  upon 
known  types,  artificially  cross-fertilized. 

GENERAL  OBSERVATIONS  ON  CROSSES. 

Kolreuter  says :  "  He  who  would  produce  new  varieties  should  cross  varieties.'' 
Darwin  says:  *'  In  regard  to  the  beneficial  effect  of  crosses  between  varieties  there 
is  plenty  of  evidence.'*  "The  crossing  of  two  forms  which  have  long  been  culti- 
vated impUes  that  new  characters  actually  arise  some  of  which  may  be  valuable 
and  permanent."  It  would  be  superfluous  to  quote  more,  for  Gartner,  Herbert, 
Sageret,  Lecoq|,  Naudin,  and  many  other  eminent  experimenters  speak  of  the  won- 
derful vigor,  size,  tenacity  of  life,  precocity,  and  hardiness  of  hyorid  productions. 

It  is  stated  in  "  The  Sugar  Beet'*^*  that  **  if  a  superior  variety  of  beets  be  placed 
near  another  variety  the  result  will  be  most  advant£igeous,  and  it  may  be  concluded 
from  these  experiments  which  we  indorse  that  the  resulting  race  wul  for  the  time 
being  be  richer  in  seed,  and  that  the  roots  grown  therefrom  will  contain  a  sugar 
content  more  regular,  etc. ,  than  had  existed  in  either." 

In  regard  to  the  effect  of  crossing  varieties  it  can  be  said  that  it  seems  to  increase 
the  vigor  of  the  plants  sometimes  m  a  wonderful  degree.  The  crossed  canes  are 
often  much  larger  and  taller,  and  often  have  much  heavier  seed  heads  than  either 
parent  form.  A  crossed  cane  is  sometimes  earlier,  often  later  in  maturing  than 
either  parent.  Some  crosses  breed  true  to  the  new  type  from  the  start  and  show  no 
tendency  to  reversion;  but  usually  the  first  season  tne  crossed  seeds  are  planted 
some  of  the  plants  revert,  some  to  one  parent  form,  some  to  the  other,  and  some  ai« 
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intermediate  forms.  If  now  seed  of  the  type  preferred  is  selected  and  planted  a^gain 
the  new  plants  show  less  tendency  to  revert;  by  continuing  the  selection  and  thnjw- 
ing  out  varying  fom:)8,  the  new  type  is  fixed  and  becomes  a  new  variety.  There  is 
greater  tendency  to  reversion  in  *' violent "  crosses  between  dissimilar  forms  than  in 
crosses  of  allied  forms.  A  cross  may  be  slight  or  complete,  in  fact,  there  may  be 
several  crosses  between  tw'o  varieties.  For  instance,  a  fixed  cross  between  the 
Early  Amber  and  the  Orange  may  resemble  the  Early  Amber  more;  another  cross 
between  the  same  varieties  may  resemble  the  Orange  more.  Three  canes  taken 
ftom  a  plot  of  this  last  cross  showed  by  analysis  a  higher  percentage  of  sugar  than 
any  other  in  the  season's  work,  with  one  exception. 

ADVANTAGES  OF  SOROHTJM   OVER   SUQAB    OAHIE  ON  ACCOUNT    OF    THE    EASE  WITH 

WHICH  VABIATIONS  ABE  PRODUCED  IN  THE  FORMER. 

Dr.  Morris,  formerly  director  of  the  Jamaica  Botanical  Gardens,  where  an  experi- 
mental plantation  of  sixty  to  seventv  varieties  of  the  sugar  cane  is  maintainea,  in 
an  address  before  the  London  Chamber  of  Commerce  said: 

**  It  is  well  known  that  the  sugar  cane  does  not  produce  seed,  and  hence  it  is  im- 
possible to  improve  it  by  any  process  of  hybridizing  and  crossing  found  so  beneficial 
to  other  plants.  New  varieties  amongst  sugar  canes  arise  generally  in  the  form  of 
bud  variation.  These  occur  very  seldom,  and  possibly  amongst  thousands  of  acres 
not  one  cane  will  be  detected  which  exhibira  any  well-marked  characteristics. 
Planters,  however,  should  be  keen  to  notice  any  canes  that  show  a  departure  from 
the  tjjpes  and  should  cultivate  them  separately.  If  the  sugar  cane  were  capable 
of  being  improved  purely  by  cultivation  and  experimental  processes  like  tliose 
which  have  improved  the  beet,  this  would  be  one  of  the  most  effective  means  of 
benefiting  the  industry." 

GENERAL  OBSERVATIONS  ON  "SPORTS"  OR  SPONTANEOUS  VARIATIONS. 

It  is  well  known  that  new  varieties  sometimes  suddenl v  and  spontaneously  appear 
in  plants.  They  are  created  by  bud  variation.  A  peacn  tree  suddenly  produces  a 
branch  which  yields  nectarines.  A  plum  tree  which  had  yielded  yellow  plums  for 
forty  years  produced  a  single  bud  which  produced  a  new  and  valuable  permanent 
variety,  the  red  Magnum  Bonum  plum.  The  variations  in  the  tropical  sugar  cane 
were  entirely  produced  in  that  way,  as  has  already  been  shown  by  the  statements  of 
Professor  Monis,  just  quoted.  In  Mauritdus  a  sugar  cane  of  the  ribbon  variety  pro- 
duced two  new  canes,  a  green  cane  and  a  red  one.  This  was  considered  an  astonish- 
ing variation  there.  The  causes  of  such  variations  are  unknown.  It  is  only  Imown 
that  they  do  occur,  and  that  valuable  new  varieties  sometimes  suddenly  appear. 
The  history  of  some  of  the  varieties  of  sorghum  would  seem  to  indicate,  so  far  as 
it  is  possible  to  obtain  accurate  information  of  such  matters,  that  they  originated 
in  this  way.  In  Indiana,  in  a  field  of  Chinese  cane,  a  single  cane  ripened  two  weeks 
earlier  than  the  other  canes;  this  variation  was  preserved  and  named  the  Early 
Amber.  It  is  the  most  widely  known  of  all  the  varietiM  of  sorghima.  In  the  ex- 
perimental field  of  this  station  there  were  growing  Early  Amber  canes  received 
from  New  South  Wales,  from  Cape  Town,  aiS  from  many  places,  showing  its  wide 
distribution. 

In  New  York  in  a  field  of  Early  Amber  only  one  cane  ripened  before  frost.  This 
variation  was  preserved  and  named  by  us  Whiting's  Early  variety.  It  matm'es  ten 
davs  earlier  than  the  Early  Amber.     It  seems  to  be  a  sport  from  a  sport. 

In  Tennessee,  in  a  fi^d  of  Honduras  a  single  cane  ripened  two  weeks  earlier  tlian 
the  other  canes.  This  variation  was  preserved  and  was  named  Link's  Hybrid.  It 
is  one  of  the  best  varieties  of  sorghum  for  sugar  manufacture.  It  haft  lx?en  known 
to  have  ajs  liigh  as  19.25  per  cent,  of  cane  sugar  in  its  juice  by  analysis. 

WORK  AT  THE  STERUNO  STATION  ON  CROSSES  OB  VARIATIONS. 

It  may  be  said  of  the  work  done  here  in  this  direction  that,  in  the  first  place,  it 
csstablished  positively,  in  the  judgment  of  those  in  charge,  the  fact  of  the  very  strong 
tendency  of  thU  plant  towards  variability.  Tliis  fact  has,  of  course,  been  fre- 
quently noticed  and  commented  upon  heretofore,  but  as  it  seems  very  essential  that 
it  should  be  thoroughly  and  generally  imderstood,  we  think  it  advisable  to  enter 
into  an  exposition  of  the  evidence  that  was  obtained  to  justify  us  in  coming  to  the 
very  decid^  conclusion  we  adopted  upon  this  point.  The  plots  which  were  planted 
as  **  crosses'*  at  this  station  were  in  every  case  from  single  seed  heads,  selected  by 
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Mr.  Denton,  and  which  were  very  carefully  cleaned  and  t^raalied,  special  precau- 
tions being  taken  to  prevent  any  acciden&l  mixture  of  seed  from  other  Bourcea. 
These  jilots  were  then,  in  every  case,  the  product  of  a  ninyle  liead.  Tliey  sliowed, 
in  th<-  inajoi'itv  of  cases,  the  greatest  variation  anion);  the  indiTidual  canes. 

This  vjiriabilityis  well  shown  biy»  series  of  photographs  taken  by  us,  which  were 
intended  to  be  reproduced  as  illustrtitiocs  of  this  rewrt;  unfortunately  the  fund 
provided  for  Buch  Illustrations  was  exhausted  bo  that  tfiey  had  to  be  omitted.  They 
represent  a  number  of  seed  heads,  all  taken  from  the  same  plot,  which  showed  strik- 
ing variations  from  either  parent  <^yp^i  ^  ^^ell  as  gradations  running  back  to  each. 
In  a  plot  planted  from  a  single  seed  head  which  was  evidently  a  cross  between  the 
Orange  and  India,  for  instance,  heads  were  selected  which  gave  the  greatest  varia- 
tions and  gradations  between  the  India  type,  with  its  white  seeds  and  rather  louse 
liead,  to  the  Orange,  with  its  reddish-colored  seeds  and  compact  head.  Another 
reprL-senta  the  range  of  variations  between  tlie  Honduras  and  Red  Liberian,  twa 
widely  different  varieties,  witii  the  small  round  seed  of  the  Liberian  type  set  closely 
on  the  sprangle  top  head  of  the  Honduras.  These  pbotogTt>ph^  of  the  widely  dif- 
ferent types  produced  from  a  winkle  need  h»id  would  convintw  the  most  skeptical  of 
the  great  ease  with  which  variations  can  be  produced  in  aotghum. 

UST  OP  CROSSES. 

The  following  list  gives  the  number  of  the  experimental  plot  with  the  probable  pa- 
rents of  some  oTihe  crosses  grown  this  season.  Many  plou  are  not  included,  as  the 
characters  shown  by  the  canes  did  not  distinctly  inmcate  the  origin  of  the  var- 

iatioDS. 


plot. 

Ken-  Orajiite  nri4  Early  OrauKe. 

plot. 

probable  oroBS. 

JO 

India  and  Oramio. 

Chinese  and  l.il>,-riau. 

Kansiw  ()raij»n  and  Anilxr. 

IM 

14 

Oola^ii  Rod  Cn<KS. 

India  cilWS. 

15 

Or«D(w»udAiul*-r. 

IW 

Do. 

IT 

171 

Kansas  Oranee  and  India, 
lew  Orange  CroM. 

Llberiaii  aiid  Uuklim  Kod. 

ira 

AtuWr  and  Kohshh  {imiiKe. 

73 

in 

OronKf  and  Whiu  India. 

71 

mllllaid^mber. 

\Vn- 1  <Ttage  and  Earty  Orange. 

12t 

India  VmA. 

Oruii,:^  Croat 

NT 

iTiilta  and  Orange. 

Wi 

India  atlil  (iuUli-ii  Rod. 

ludia  (.'lOffi.  ^ 

n.,. 

OrauM  and  India. 

m 

OranRi.'  iu.<1  India. 

ih,. 

Indlfi  and  (:<.]deii  Rod. 

India  Olid  Amber. 

Kflnwisllranin- and  India. 

iDdia  Croaa, 

(JranK^aiidliohlenKod. 

18* 

Oran»te  and  India. 

Knrly  ( traiiKW  nnd  Amber. 

IW 

1% 

£,'Ki;,S: 

189 
197 

Orange  and  India. 

166 

140 

""■H"""-" 

o-R'^ 

India  CroBS. 

lU 

Orange  and  Indta. 

196 

Kansaa  Orange  and  India. 

Xansas  i  irange  auii  Golden  Bod. 

197 

India  Cro^T^ 

am 

Hew  Oranj{0  Cross. 

Oranee'and  India. 

Kansa:!  Oranint  and  Early  Amber. 
An,l»-r  and  A^v  Orange. 

2te 

n^C^aa. 

OrantteCn™. 

)ra^^Cn:m°^' 

Amber  Croaa. 

MS 

ndlaCrom. 

lil 

Kansas  Orange  and  India. 

ma 

Orange  and  India. 

m 

India  sod  OranEe. 

ANALYSES  OP  THE  CROSSES. 


The  following  tables  give  only  the  selected  analyses  of  single  canes  from  tiie 
crosses.  They  represent  alxiut  700  analvses.  only  those  containing  the  highest  per- 
centage of  sugar,  together  with  outward  characters  which  entitled  them  to  perpet- 
uation, liaving  ijeen  subiect*Ki  to  complete  analysis. 

Plots  Nos.  iSii  and  ItJigave  probably  the  best  results. 
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Analyses  of  single  canes  from  Crosses, 


c^   w 

-1 

sts 

-1 

- 

Sept,  W 

i^A^ 

-i 

ws 

-1 

Bucrow.    Oluisrae.   ] 


ANALYSES  07  TASIATIOHS  IK  STANDARD  VARIETIBS. 

The  following  table  gives  some  of  the  results  of  onalTsee  of  individual  canes 
wiiich  were  taken  from  the  plots  of  some  standard  varieties,  and  which  showed 
some  desirable  variation  from  the  type  of  the  variety.  The  variations  chosen  were 
in  the  line  of  the  improvement  of  the  variety.  For  example,  the  variations  selected 
from  the  Honduras  were  individuals  which'ripened  earher  tian  the  rest  of  the  plot; 
those  of  the  Link's  Hybrid  were  canes  which  showed  more  or  less  freedom  from  the 
faulta  of  the  variety.  As  with  the  crosses,  the  analyses  given  are  the  chosen  ones 
of  a  large  number  of  analyses,  for  none  of  the  canes  which  showed  simply  an  im- 
provement in  external  characters  were  saved,  unless  they  showed  at  the  same  time 
a  good  content  of  sugar  and  a  Jiigh  coefficient  of  purity.  These  will  be  reserved  for 
planting  another  season. 
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Analyses  of  variations  in  standard  varieliea. 


No.  of 

plot. 

Onto. 

iJiy^. 

'^.*' 

Sucrose. 

Ghicoee. 

Coemcient 
at  inirity. 

lisiDorto. 

fo 

<S!'.'.'.''.'. 

SS& 

Sept-  S 

m 

111 

SS:  S 

398 

aim 
wo 

341 

sna 

600 

BM 
911 

14.  «a 

ill 

W.33 

SO.  Oil 

11 

leiao 
ta.(B 

PtTC 

•nt, 

58 

M 

9S 

Fercmf. 

a!  ST 
lis 

.TO 

hoa 

^5 

08.05 

K.aa 

3:iS 

88.  (» 

Ba.4i 

TT.OO 

72.  «a 

83.70 

Honduraa. 

Iwiubansee. 
whKlne'B  Early. 

Analyses  of  variations  in  the  unnanied  varieties. 


No.  of 

plot. 

Dole. 

So.  of 

•nalysls. 

BriE. 

Sucrose,    aiuct 

we. 

of  puhtr. 

Percent   Fera 

«t 

.=  ,„-; 

Sept:  91 

SO 

71. 7S 

«  ■■! 

M.,,,j 

3apt.W 

IV,   Experiments  i 


VARIABILITY  OF  SORGHUM  CANES  IH  THEIB  CONTENT  OF  SUOAS. 

Ab  mi^ht  be  expected  of  n  plant  which  varies  eo  much  in  the  outward  charoctera 
of  its  individuals,  sorghum  canes  rarj  greatly  in  the  chemical  composition  of  their 
contained  juicee.  Even  in  canes  of  the  same  varietiee,  showing  unifoi-m  outward 
charactera,  and  of  uniform  appearance  and  development,  great  differences  will  be 
found  in  the  composition  of  the  Juice  from  individual  canes;  in  fact,  the  variation 
in  this  n-spcct  aetma  much  greater  and  more  persistent  than  in  tlie  outward  appear- 
ances of  the  plant.  When  the  variety  itself  is  not  uniform,  and  the  variations  due 
to  mixed  races  are  added  to  the  variations  of  the  individuals,  ttie  most  remarkable 
extremes  are  produced.  This  can  be  seen  by  e.tamining  the  analyses  of  individual 
canes  of  crosses  given  in  the  section  on  experiments  with  croBsea,  from  which  the 
following  table  is  selected  to  iUuatrate  the  possible  differences  between  differoit 
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canes  growing  in  the  same  plot.  The  canes  were  selected  from  a  plot  of  Honduras 
which  showed  fairly  uniform  character,  in  the  endeavor  to  obtain  early  ripened  seeds 
of  that  variety,  and  probably  some  were  not  matured  so  well  as  others,  though  the 
seed  from  all  was  perfectly  hard. 

Polarization  of  selected  canes  from  Honduras. 


No. 

Degree 

Sucrose. 

Percent. 

1 

a.ft8 

.30 

2 

14.48 

9.07 

3 

13.53 

8.46 

4 

13.47 

8.16 

6 

10.47 

4.31 

6 

14.40 

7.40 

7 

11.85 

6.78 

8 

10.04 

1.51 

w      •  .   •   •  • 

11.66 

6.24 

10 

.10 
8.25 

11 

14.15 

t::;:: 

17.05 

11.41 

15.88 

10.92 

14 

15.34 

9.  as 

15 

15.34 

7.51 

16 

15.54 

6.50 

17 

Highest 
Lowest. 

16.67 

1L68 

11.53 

.10 

The  following  table  shows  the  variation  of  individuals  in  a  well-established  and 
uniform  variety.  They  were  selected  with  this  end  in  view  from  a  remarkably  uni- 
form plot  of  Early  Amber,  and  a  particular  effort  was  ipade  to  have  the  canes  as 
nearly  of  the  same  size  and  general  appearance,  the  same  maturity,  and  the  same 
conditions  of  growth  as  possible.    All  were  taken  from  the  same  row. 

Polarization  of  average  canes  from  Early  Amber, 


No. 

Degree 

Sucrose. 

Per  cent. 

1 

15.60 

10.80 

2 

15.70 

12.02 

3 

14.50 

7.54 

4 

18.00 

12.78 

6 

16.74 

10.36 

6 

14.74 

8.68 

7 

15.44 

9.  .58 

8 

18.44 

13.25 

9 

17.24 

11.01 

10 

17.44 

11.99 

11 

14.94 

8.08 

18 

17.74 

12.71 

18 

17.52 

12.04 

14 

17.32 

10.  .53 

15 

Highest 
Lowest 

17.32 

10.88 

13.25 

7.54 

While  the  difference  is  not  so  great  as  in  the  previous  table  it  will  be  seen  that 
there  is  a  difference  of  nearly  6  per  cent,  of  sucrose  between  the  richest  and  poorest 
oanes  in  fifteen  samples. 


DIFFICULTIES    IN  THE    SELECTION 


OP  SEED  ACCORDING 
THE  CANE. 


TO  CONTENT   OF    SUGAR  IN 


It  is  much  more  diificult  to  select  the  best  individuals  of  a  su^r-producing  plant 
than  of  plant.s  raised  for  other  purposes  in  which  the  relative  merit  of  the  individuals 
can  be  seen  by  outward  appearances.  There  ar^.  no  known  reliable  outward  signs 
which  indicate  tliat  a  certain  cano  contains  more  sugar  than  the  others.     In  a  garden 
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one  can  select  the  fmest  vegetables,  in  the  orchard  the  finest  fruits,  in  the  grain  fields 
the  finest  ears  of  corn  or  of  wheat  either  bv  the  eye  or  by' the  weight  or  by  very  simple 
tests:  but  sugar  is  insiile  the  canes,  mingled  with  other  substances.  The  weight  of 
the  canes  or  their  appearance  m  not  a  reliable  measure  of  the  sugar  which  they  con- 
tain. Handsome  canes  may  contain  but  little  sugar;  canes  inferior  in  appearance 
may  yield  sugar  well.  The  sense  of  taste  is  not  a  reliable  test,  for  the  sugar  in  the 
juice  is  masked  by  other  substances.  A  sugar  cane  which  sliows  by  analysis  12  per 
cent,  of  sugar  tastes  mucli  sweeter  than  a  sorghum  cane  which  shows  15  per  cent. 
The  sorghum  plant  will  be  improved  but  slowly  if  selections  of  seed  are  made 
only  by  the  size  or  weight  or  appearance  of  the  canes,  or  by  simple  selections  of  the 
finest  appearing  seeds. 

In  two  thousand  analyses  and  jwlarizations  of  cane  juice  made  at  this  station  there 
were  no  reliable  and  constant  outw  ard  marks  observed  by  which  the  canes  which 
contained  most  sugar  could  be  selected.  The  degree  of  matvu*ity  was  the  only  sign, 
and  selections  of  tlie  richest  cantos  can  not  be  made  by  that. 

When  the  su^ar-boet  growers  attempted  to  improve  the  sugar  beet  they  met  with 
the  same  difficulty.  They  were  well  aware  that  the  hereditary  principles  which  are 
known  to  apply  to  animals  aluo  apply  to  plants.  They  knew  that  the  individual 
beets  which  actually  contained  more  sugar  than  the  others  should  be  saved  for 
planting. 

But  the  characteristic  points  of  beets  wliich  are  rich  in  sugar  vary  so  that  they 
are  not  reliable  guides  in  selecting  beets  for  seed.  Knauer  invented  a  machine 
which  separated  beets  into  piles  according  to  their  weight  in  order  to  select  the 
heaviest,  not  the  largest,  l)eets  for  seed.  And  beets  were  placed  in  a  solution  of 
salt  water  of  a  certain  density:  tlie  beets  which  sank  were  saved  for  seed.  These 
methods  were  not  reliable.  To  Vilmorin  is  due  the  credit  of  intA>ducing  the 
methods  by  which  the  sugar  beet  has  been  so  wonderfully  improved.  He  observed 
that  a  cylindrical  piece  could  be  taken  from  each  beet  without  injury  to  the  plant. 
These  sample  pieces  were  separately  tested  to  determine  their  value  in  sugar  manu- 
facture, and  only  the  l)eets  which  were  proved  to  contain  more  sugar  than  the 
others  were  saved  for  seed.  To  show  the  zeal  with  which  the  work  of  improving 
the  sugar  beet  was  done  it  is  only  nee  ssary  to  say  that  at  the  Paris  Exposition  of 
1878  there  were  twenty  exhibitors  who  claimed  to  have  pr(xluced  improved  varieties 
of  the  beet.  Deprez  et  Fils,  of  France,  had  an  agricultural  laboratory  with  facili- 
ties for  making  two  thousand  analjrses  of  beets  daily.  With  the  assistance  of  Pro- 
fessor Violette  they  produced  tliree  important  new  varieties  of  the  sugar  beet,  which 
are  known £is  "  Improved  Deprez"  1,  2,  and  3. 

It  is  evident  that  the  sorglium  industry  should  profit  bv  this  experience  of  the 
beet  industry,  and  that  sorghum  seed  should  be  saved  only  from  individual  canes 
which  yield  well  in  sugar. 

METHOD  OF  WORK  EMPLOYED  AT  THE  STERLING  EXPEBIMBNT  STATION. 

Owing  to  the  pressure  of  work  at  this  station  the  past  campaign,  and  the  attention 
given  the  crosses,  the  selection  of  seed  from  the  best  individual  canes  of  the  estab- 
lished varieties  was  not  instituted  until  late  in  the  season,  and  could  not  be  carried 
out  on  the  earlier  varieties  ;  the  selections  should  properly  be  made,  of  course,  at 
the  maximum  of  maturity  of  the  cane.  The  plan  of  work  was  as  follows:  A  large 
number  of  canes  w(»re  selected  from  the  j)lot,  care  being  taken  that  those  seleoted 
should  show  no  outward  faults  of  form,  and  should  be  average  canes  in  size  and  of 
good  healthy  ai)i)earaTue.  A  large  number  of  such  canes  were  brought  into  the 
station  barn  ana  laid  out  in  serial  order,  the  heads  cut  off,  a  label  with  number 
attached  to  each,  and  a  corresponding  number  placed  on  a  receptacle  to  contain  the 
juice.  Two  men  wert?  kept  busy  tm-ning  the  hand-mill,  w^hile  a  third  kept  the 
iuices  in  proper  order.  As  soon  as  the  juices  were  obtained  they  were  poured  into 
hydrometer  iars,  and  when  they  had  stood  long  enough  to  permit  of  the  escape  of 
the  air  bubbles,  their  density  was  taken  roughly  with  a  spindle.  If  the  reading  did 
not  come  up  to  a  certahi  standard,  the  juices  and  corresponding  seed  heads  were 
rejected.  The  standard  use<l  depended  upon  the  richness  of  the  variety  of  cane 
from  which  the  selections  were  made,  being  placed  at  20"*  or  even  21**  Brix  for  very 
rich  varieties  like  the  Link's  Hybrid.  Tlie  few  juices  which  passed  the  test  were 
sent  to  the  laboratory  for  comph^te  analysis,  and  the  corresponding  seed  heads  care- 
fully pr(\serve(l.  From  the  complete  analyses,  still  further  selections  were  made,  so 
that  ultimatelv  a  few  seed  hea<ls  were  saved,  sliowing  great  richness  and  purity  of 
juice.  From  h(M)  to  1,000  oane«  could  be  tested  in  this  way  in  a  day.  Some  of  the 
canes  obtained  by  this  method  of  «»lection  were  very  rich  in  sugar.  The  following 
instances  serve  to  show  this:  • 

A  plot  of  Link's  Hybrid,  of  which  the  highest  analysis  from  average  samples  had 
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been  14.09  percent,  sucrose,  gave  by  selection  from  about  500  canes  four  which  went 
over  15  per  cent.  Another  plot  of  the  same  variety,  showing  by  analysis  of  an 
average  sample  12.24  per  cent,  sucrose,  gave  by  selection  from  sS)  canes  three  which 
had  over  16  per  cent,  sucrose  in  the  juice.  An  average  sample  of  a  plot  of  Liberian 
cane  gave  14  per  cent. ;  500  canes  were  taken  from  different  parts  of  the  plot,  and 
one  cane  gave  17.59  per  cent,  sucrose  in  the  jrdce,  three  gave  over  16.5  per  cent., 
and  twelve  over  15.5  per  cent.  An  average  sample  of  the  Planter's  Friend,  a  new 
variety  from  Australia,  gave  11.63  per  cent,  sucrose;  selections  from  1,000  canes 
gave  three  which  contained  over  15  per  cent,  sucrose  in  the  juice.  Such  instances 
might  be  multiplied,  but  sufficient  evidence  has  been  given  to  show  the  possibilities 
in  this  method  of  improvement.  The  selections  have  all  been  preserved,  and  can 
be  planted  and  observed  another  year  if  means  are  afforded  the  Department  for 
carrying  out  the  work. 

The  following  table  gives  the  highest  analyses  obtained  in  each  of  five  varieties  by 
selection: 

Highest  analyses  of  single  canes  by  selection  from  standard  varieties. 


Variety. 


Xiberian 

Early  Oi-ange  ^ 
Link's  Hybrid . . 
Planter's  Friend 
ChL'tese 


Date. 

No.  of 
analysis. 

Degree 
EWx. 

Sucrose. 

Qlucose. 

Percent. 

Per  cent. 

Oct. 

17 

1953 

21.71 

17.69 

1.97 

Oct. 

18 

S040 

22.18 

17.06 

.67 

Oct. 

18 

2066 

21.70 

15.92 

.69 

Oct. 

16 

1831 

22.00 

16.56 

.82 

Oct. 

13 

1506 

19.68 

14.71 

1.25 

Coeffi- 
cient of 
purity. 


81.48 
76.87 
75.88 
70.68 
74.75 


V.  Experiments  in.  Improvement  by  Methods  of  Cultivation. 

It  is  a  rule  in  agricultural  science  that  to  obtain  the  best  results  the  individual 
plants  must  be  given  the  most  favorable  conditions  possible  for  full  development.  In 
the  effort  to  improve  the  sorghum  plant  methods  of  cultivation  will  play  an  impor- 
tant part.  Very  Uttle  attention  has  been  paid  heretofore  to  this  subject,  the  cheap- 
est and  easiest  methods  being  followed,  and  the  sorghum  crop  has  had  about  the 
same  cultivation  as  is  given  to  the  com  crop.  In  the  work  at  this  station  no  very 
extensive  experiments  could  be  made  on  different  methods  of  cultivation,  but  a  nujn- 
ber  of  practical  points  were  evolved  which  may  be  stated  as  our  views  on  the  best 
methoos  to  be  followed  without  going  into  detaols  as  to  the  evidence  upon  which  the 
conclusions  were  based. 

It  is  desirable  in  grovmig  cane  for  sugar  manufacture  that  as  nearly  as  possible 
all  of  the  plants  in  one  field  should  ripen  at  one  time.  If  in  one  row  there  are  some 
canes  fully  ripe  and  other  canes  immature,  it  will  not  be  easy  to  harvest  the  canes 
at  the  time  wnen  each  contains  its  maximum  of  sugar.  It  is  a  point  of  advantage 
to  have  all  come  up  at  the  same  time.  This  can  best  be  accomplished  by  planting 
the  cane  on  freshly-plowed  land  the  same  day  the  land  is  plowed  and  by  bemg  care- 
ful to  cover  the  cane  seed  at  a  uniform  depth  with  earth.  This  insures  as  uniform 
a  start  as  possible  for  the  canes,  and  while  it  may  seem  a  trifling  matter,  it  often 
materiallv  affects  the  result. 

After  the  young  plants  come  up  a  serious  problem  arises,  and  that  is,  how  to  cul- 
tivate the  plants,  to  pulverize  and  loosen  the  soil,  and  to  destroy  the  weeds  without 
injuring  tne  roots  on  which  the  development  of  the  plants  depends.  Great  injury 
is  done  to  the  roots  of  canes  when  the  cultivator  worts  deep  and  close  to  the  plants 
after  they  have  attained  considerable  size.  Hiis  injury  is  perhaps  greater  than 
most  persons  suppose.  It  appears  to  be  proved  by  a  very  simple  experiment.  If 
the  roots  of  a  hill  of  cane  are  cut  all  around  the  hill  with  a  spaae  at  a  distance  of  6 
inches  from  the  canes  to  a  depth  of  6  inches  from  the  surface  when  the  plants  are  4 
inches  high,  and  if  this  process  is  repeated  once  a  week  until  the  canes  are  4  feet 
high,  the  canes  thus  treated  will  be  found  to  ripen  later  and  to  be  inferior  in  all  re- 
spects. In  wet  seasons  the  injury  is  not  so  great  as  in  dry,  but  injuries  are  caused 
to  growing  plants  by  the  cultivator  as  with  the  spade. 

To  avoid  destroying  and  mutilating  the  roots  of  growing  canes  it  seems  better  to 
give  deep  and  close  cultivation  while  thp  plaits  and  their  roots  are  small,  and  when 
tiie  first  cultivation  is  given  to  use  long  and  narrow  shovels  which  work  near  the 
canes,  and  "with  a  slow  and  steady  team  give  dose  and  deep  a^  .tl^orough  cultiva- 
tion before  the  rootlets  are  expanded  sufficiently  to  be  injtu^  by  such  cultivation. 
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In  the  succeeding  cultivations  **  shallow  shovels,"  that  is,  shovels  having  such  form 
that  they  do  their  work  at  and  near  the  surface  of  the  soil,  diould  work  near  the 
plants,  while  deeper  cultivation  may  be  had  at  a  distance  from  the  plants  which  the 
roots  have  not  reached.  The  form  preferred  in  the  experiments  at  this  station  is 
known  as  the  **  Eagle's  Claw."  It  consists  of  eight  small  shovels  which  are  attached 
to  the  beams  of  a  two-horse  cultivator,  four  shovels  working  on  each  side  of  the  row 
of  cane.  The  form  of  these  shovels  is  such  that  they  do  not  enter  the  soil  deeply, 
they  thoroughly  pulverize  all  the  surface  soil  and  destroy  weeds,  and  work  close  to 
the  growing  plants  with  little  injury  to  the  roots. 

Ave  have  alluded  to  these  points  because  we  believe  the  jaeld  of  sugar  is  often  ma- 
terially lessened  by  injuring  the  roots  of  the  canes.  Mutilation  of  the  cane  plants 
above  the  surface  of  the  sou  is  known  to  produce  a  lessened  yield  of  sugar,  and  in- 
juries to  the  cane  plants  below  the  surface  doubtless  decrease  it  also.  Many  cane 
growers  as  thev  **  lay  by  "  their  cane  crop  or  finish  the  cultivation,  and  see  its  deeply 
and  closely  cultivated  canes  free  from  weeds  do  not  realize  that  while  destroying 
the  weeds  they  nearly  destroyed  their  cane  plants,  and  while  working  for  their  canes 
they  were  really  working  against  them  and  against  their  yield  of  sugar. 

VI.  Miscellaneous  Experiments  and  Results  op  Observations. 

ANALYSES  OF  SAMPLES  FROM  ARKANSAS. 

The  capabilities  of  Arkansas  as  a  sorghum-growing  State  have  never  been  very 
extensively  investigated.  The  Sterling  Sirup  Works  received  this  fall  a  bundle  of 
cane  from  one  of  the  "  prairie  counties"  of  Arkansas,  and  the  different  samples  were 
analyzed  at  the  station  with  the  following  results: 

Analyses  of  cane  from  Arkansa^y  sent  to  Sterling  Sirup  Works, 


Variety. 

No.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

GHucose. 

Ooeffldent 
of  puri^. 

Texas  Red 

545 
546 
547 
548 

20.25 
20.25 
18.25 
19.25 

Percent. 

18.80 

3.68 

11.05 

14.24 

Percent. 
2.84 
8.47 
5.24 
2.23 

68.1 

18. 

61. 

74. 

Honduras 

Chinese 

Orange  

As  a  general  rule  samples  of  sorghum  sent  from  one  point  to  another  by  express 
are  so  much  inverted  that  the  analyses  are  worthless;  and  then  when  samples  of  a 
few  canes  are  selected  by  persons  not  familiar  with  the  plant,  the  largest  and  finest 
looking  canes  are  chosen,  which  generally  give  a  lower  per  cent,  of  sugar  than  aver- 
age-sized canes.  In  view  of  these  facts  the  above  analyses  make  a  remarkably  fine 
showing  for  the  locality  which  produced  the  canes;  the  samples  all  consisted  of 
quite  large,  fine  canes,  but  still  gave  a  good  analysis.  The  sample  of  Texas  Red  was 
a  tremendously  large  cane.  The  samples  of  Honduras  and  Chinese  had  evidentiy 
inverted  slightly,  the  others  very  little. 

Another  lot  of  samples  received  by  the  sirup  works  from  Thomas  Lester,  Stuttgart, 
Ark.,  consisted  of  the  following  varieties:  Gooseneck,  Honduras,  and  Orange.  As 
the  analysis  showed  all  to  be  badly  inverted,  it  is  not  wortii  while  to  give  the  results. 

PROGRESS  OP  THE  BEET-SUGAR  INDUSTRY. 

The  interest  in  the  manufacture  of  sugar  from  the  sugar  beet  in 
this  country  is  constantly  increasing. 

During  the  past  season  the  Department  distributed  quite  a  quan- 
tity of  sugar-beet  seed  to  various  parts  of  the  country,  and  a  number 
of  samples  grown  by  farmers  in  aifferent  localities  has  been  sent  to 
Washington  for  examination.  The  culture  of  the  sugar  beet  has 
extended  in  the  State  of  California,  and  in  addition  to  the  factory 
operated  at  Alvarado,  the  reports  of  which  have  been  published  in 
previous  documents,  a  large  factory  has  been  established  by  Mr. 
Glaus  Spreckels  and  others  at  Watsonville,  Cal.  The  corporation 
is  known  as  the  Western  Beet  Sugar  Conipany,  and  has  a  capital 
stock  of  $500,000.  The  oi>erations  of  thaMst  year  were  very. suc- 
cessful, and  through  the  kindness  of  Mr.  Spreckels  I  am  enabled  to 
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append  a  statement  giving  the  rdsum^  of  the  work  done,  expenses 
incurred,  and  amount  and  value  of  sugar  made: 

Recapitulation  of  the  workings  of  the  Western  Beet  Sugar  Conypany^s  factory  at 
Wat8()nviUe,  Santa  Cruz  County ,  Cah,for  the  campaign  ending  Decert^ber  19, 

1888. 

Sugar,  freight  from  Watson ville  to  San  Francisco i2, 936. 55 

Coal total  cost. .     17, 267. 00 


Coke do.... 

Fuel  oil do. . . . 

Wood do... . 

Lime  rock do. . . . 

Su^ai-  bags do. . . . 

Soda , do. . . . 

Tallow do. . . . 

Expense  labor,  etc 21, 091. 27 

(Beets)  incidentals 2, 575.  82 

Cost  of  beets 71, 055. 89 


1,658.93 

11,866.02 

990. 50 

1,780.30 

1,740.34 

13.39 

57.21 


132,  522. 22 


Which  is  the  cost  of  manufacturing  1,640  tons  sugar  delivered  free 
on  board  in  San  Francisco. 

We  have  received  for  3,280,000  pounds  sugar 162,  454. 70 

Making  cost  of  sugar  $80.80  per  ton  of  2,000  pounds.  ^ 

Profit 29, 932.  48 


14, 077 

1,640 

135 

61 

14.60 

11.65 

95.40 

5.  64  cents 

$5.04 


Beets  consumed tons. . 

Sugar  produced do 

Men  employed 

Time  of  run days. . 

Beets, average  polarization per  cent. . 

Beets,  average  sugar  recovered do. . . . 

Sugar,  average  polarization do. . . . 

Sugar,  average  price per  poimd. . 

Beets,  average  price per  ton. . 

No  report  has  been  received  of  the  operations  of  the  factory  at 
Alvaradq  during  the  past  season,  and  therefore  I  am  not  able  to  say 
whether  or  not  tne  work  was  successfully  conducted. 

Mr.  Fred  Hinze  cultivated  an  experimental  plot  df  sugar  beets  at 
Douglass,  Kans.,  during  the  past  season.  Considering  the  dryness 
of  the  climate  and  the  high  temperature  reached  during  the  summer, 
the  results  appear  to  be  favorable.  I  am  inclined  to  think,  how- 
ever, that  the  successful  cultivation  of  the  sugar  beet  for  manufact- 
uring purposes  can  not  be  looked  for  in  such  a  climate  as  obtains  at 
Douglass. 

The  analyses  of  the  sugar  beets  at  this  station  were  made  from 
time  to  time  by  my  assistants  at  Douglass  who  had  charge  of  the 
chemical  work  at  the  sorghum  factory  at  that  i)lace.  Following  are 
the  results  of  the  work: 


Date. 

Brix. 

Sucrose. 

Coefficient 
of  purity. 

Per  cent. 

September   8 

13. 68 

9.27 

67.04 

September   8 

11.67 

7.96 

68.80 

September   8 

12.45 

8.16 

65.46 

September  10 

16.74 

12.38 

78.96 

September  20 

14.70 

9.47 

64.42 

September  29 

14.43 

10.47 

72.69 

October      11 
HiKhest 

13.95 

11.98 

75.11 

ibTtT 

12.38 

75.11 

Lowest 

11.67 

7.96 

64.42 

Average  .. 

14.22 

9.36 

69.65 
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Qreat  success  also  attended  the  growing  of  sn^ar  beets  in  Nebraska 
at  Grand  Island.  As  will  be  seen  by  the  following  table,  samples  of 
these  beets  were  analyzed  by  variotis  chemists,  and  all  found  them 
excellent  for  sugar-making  purposes. 


•    N 

Brix. 

Sugar. 

CoeiBciBiit 
of  pfortty. 

Brtx. 

Bqgar. 

QOCSuliOlADt 

Jf^sr  ctnt. 

JnM*  OMI>»> 

*17.2 

14.9 

86.00 

116.0 

18.71 

86.70 

ftoo 

♦18.9 

16.1 

8S.00 

fir.i 

149 

•19.6 

17.6 

89.00 

&6.8 

18.10 

aa4D 
n.60 

•21.4 

19.2 

90.00 

118.9 

15.8 

•19.7 

16.7 

84.00 

118.2 

16.20 

8150 

•21.8 

19.8 

90.00 

118.4 

15.90 

86.40 

tl8.8 

16.4 

87.10 

•  Analyzed  by  Prof  .William  Huch.  from  Shoemtnceii,  Qennaoy. 

t  Beets  harvested  October  15, 1888,  preserved  in  foio,  analyaed  Jauiuuy  8, 1889. 

i  Analyzed  by  Dr.  Paulv,  of  Muhlb^,  Gennaoy. 

6  Analyzed  by  Dr.  Mueller,  of  Ot€Ieben,  Germany.  * 

I^Vnalyzed  by  Dr.  Janke,  Trendlebush,  Germany. 

Samples  of  these  beets  were  also  sent  to  the  Department  for  an- 
alysis and  entered  as  Nos.  6077  and  6078.  The  resiQts  of  these  analyses 
were  as  follows: 


Juice  extracted 

Total  Bolids  in  juice 

Sucrose  

Purity 


6077. 


60r8. 


Percent. 

Per  cent. 

66.16 

54.70 

18.40 

18.80 

15.88 

15.75 

88.60 

88.77 

As  will  be  seen  by  the  above  analyses  these  beets  were  very  rich 
in  sugar,  and  if  they  could  be  grown  in  lar^e  quantities,  which  there 
is  no  reason  to  doubt,  would  indicate  that  m  that  locality  the  beet- 
sugar  industry  could  be  successfully  established.  * 

Another  set  of  samples  which  haa  been  harvested  for  thr^e  months 
was  sent  to  the  Department  from  Sturgis,  Dak.,  and  entered  under 
No.  6162,  a  rose-colored  beet,  and  No.  6163,  a  white  beet.  These  sam- 
ples were  sent  by  W.  C.  Buderus,  of  Sturgis,  Dak.  On  examination 
of  these  beets  the  following  numbers  were  obtained: 


Juice  extracted 

Total  Kolifis  in  juice 

Sucrose  

Purity  


6ia{. 


Per  fent, 
86.06 
90.40 
18.88 
65.80 


6168. 


xxr  cenz, 

SI.  48 
15.08 
60.97 


The  low  purity  of  the  beets  represented  abbve  was  doubtless  due 
to  the  fact  that  they  had  been  harvested  for  a  long  time  and  no  pre- 
cautions taken  to  preserve  them  from  deterioration.  The  analjrses 
show  tliat  such  beets  could  also  be  profitably  used  for  sugar-making 
if  worked  up  in  a  fresh  stato  or  preserved  in  proper  kinds  of  silos. 

The  Department  has  had  so  many  inquiries  concerning  the  sugar- 
beet  industry  that  the  Commissioner  of  Agriculture  has  decideS  to 
issue  aiiotlier  bulletin  on  this  subject  embracing  the  more  important 
matters  in  bulletins  alreddy  published,  andmiich  are  entiroly  oiit 
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of  print,  and  including  the  latest  information  accessible  at  the  pres- 
ent time. 

The  coast  valleys  of  California,  large  areas  in  Oregon  and  Wash- 
ington Territory,  parts  of  Nebraska,  western  and  southern  Michi- 
gan, northern  Indiana,  Ohio,  and  New  York,  and  many  portions  of 
the  New  England  States  appear  to  be  well  adapted  to  the  growth  of 
a  sugar  beet  rich  in  saccharine  matter. 

There  is  every  reason  to  believe  that  the  production  of  sugar  from 
the  sugar  beet  in  this  country  will  be  vastly  extended,  and  that  beet 
sugar,  in  conjunction  with  sugar  from  sorghum  and  sugar  cane,  will 
be  an 'important  factor  in  the  future  sugar  supply  of  the  United 
States. 


REPORT  OF  THE  BOTANIST. 


Sir:  I  have  the  honor  to  transmit  herewith  my  report  for  the  past 
year,  together  with  some  papers  on  economic  plants,  and  a  report  on 
the  '*  pastoral  resources  of  Montana,"  prepared  by  Mr.  F.  W.  Ander- 
son, from  personal  observation.  The  investigation  of  the  grasses  of 
the  arid  districts  has  been  continued,  principally  in  Texas,  a  full  re- 
port of  which  will  be  published  in  a  bulletin.  An  experiment  sta- 
tion for  the  trial,  in  cultivation,  of  such  grasses  and  forage  plants  as 
give  promise  of  usefulness  in  an  arid  climate,  has  been  established  at 
Garden  City,  in  southwestern  Kansas,  and  will  be  energetically  pros- 
ecuted during  the  coming  season. 

Another  grass  station  has  been  established  in  Mississippi,  in  con- 
nection with  the  State  Agricultural  Experiment  Station  near  Starks- 
ville,  to  investigate  and  experiment  with  reference  to  grasses  suita- 
ble for  cultivation  in  the  Southern  States.  If  these  stations  are  faith- 
fully prosecuted  through  a  sufficiently  long  period  of  time,  I  think 
the  results  will  be  highly  beneficial  to  the  grazing  interests  of  the 
country. 

Very  respectfully,  Geo.  Vasey, 

jBotanist 

Hon.  Norman  J.  Colman, 

Secretary. 


GRASSES  AND  WEEDS. 

1.  Reimaria  oligostachya, — This  grass  has  not  been  found  hitherto 
except  in  Florida  and  Cuba.  It  has  been  collected  near  Jacksonville 
by  A.  H.  Curtiss,  growing  in  ditches  and  on  low  grounds.  It  resembles 
some  of  the  species  of  Paspalum,  particularly  P.  vaginatum^  and  in- 
deed can  hardly  be  distinguished  from  the  latter  except  by  an  exam- 
ination of  the  liowers.  The  stems  have  a  creeping  haoit  at  the  base, 
sometimes  running  several  feet,  and  rooting  at  the  joints  every  inch 
or  two.  At  tlie  extremity  the  stems  rise  upward  for  a  foot  or  two 
and  develop  the  flowers.  The  leaves  are  3  or  4  inches  long,  and  very 
narrow,  frequently  becoming  involute  (folded  or  rolled  together 
leiigtliwise)  and  sharp  pointed.  The  sheaths  of  the  leaves  are  loose, 
and  generally  as  long  as  the  joints  of  the  stem. 

The  flowers  are  borne  in  spikes  at  and  near  the  extremity  of  the 
culms,  usually  about  three,  sometimes  two,  and  rarely  four  or  five. 
These  spikes  are  from  2  to  3  inches  long,  each  with  from  ten  to  fif- 
teen closely  appressed  spikelets.  In  structure  the  spikelets  are  like 
those  of  Paspalum  except  in  having  but  two  stamens  instead  of  three, 
and  in  having  the  flower  glume  either  entirely  absent,  or  reduced  in 
size  to  a  fourth,  a  half,  or  three-fourths  of  the  size  of  the  other. 
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Generally  the  lower  spikelets  of  each  spike  will  have  the  lower 
glume  absent,  and  the  upper  spikelets  will  nave  the  lower  elume  in 
graded  sizes  to  the  uppermost,  which  may  have  two  fiul  empty 

flumes.     The  grass  is  nutritious  and  valuable  for  feed,  but  prooa- 
ly  can  not  thrive  except  in  the  hot  climate  of  the  Gulf  coast, 
rlate  I,  Fig.  1,  is  a  ngure  of  this  grass;  a,  a  spikelct  magnified 
showing  the  one  empty  glume,  the  flowering  glumes,  palet,  two  sta- 
mens, and  two  styles. 

2.  Paspalum  vaginatum,  — This  grass  is  also  a  native  of  Florida  and 
of  the  hotter  parts  of  America,  and  is  so  similar  to  the  preceding 
that  the  same  general  description  will  apply  to  it.  It  however  seldom 
has  more  than  two  spikes  in  which  the  acute  spikelets  have  the  reg- 
ular two  empty  glumes,  and  three  stamens  ana  two  styles.  It  is  not 
improbable  that  these  plants  may  be  found  to  be  variations  or  forms 
of  the  same. 

Plate  1,  Fig.  2,  shows  PasjjaliLm  vaginatum;  6,  aspikelet  magnified 
showing  the  empty  glumes,  flowering  glume,  palet,  three  stamens, 
and  two  styles;  c,  front  view  of  the  flower;  d,  nower  opened  to  show 
the  flowering  glume  and  palet. 

3.  Paspalum  distichum. — This  grass  is  in  habit  very  similar  to  the 
preceding,  but  usually  grows  on  drier  soil,  with  taller  and  more  erect 
culms.  The  leaves  are  generally  wider,  the  spikes  are  rarely  more 
than  two,  the  spikelets  are  smaller  and  more  numerous  with  two 
empty  glumes,  and  the  flowers  have  three  stamens.  It  has  a  wider 
range  than  P.  vaginatum^,  bein^  found  in  the  Southern  States  from 
Virginia  and  Tennessee  to  Florida  and  Texas,  thence  to  California, 
and  as  far  north  as  Oregon.  This  species,  as  well  as  several  others 
of  the  genus,  has  received  some  attention  in  the  South  as  being  use- 
ful pasture  grasses.  Their  creeping  habit  gives  them  stability  and 
capability  to  endure  drought,  and  they  form  a  close,  tenacious  sod, 
well  adapted  to  close  pasturage.  At  the  same  time,  under  favorable 
circumstances,  this  species  produces  a  large  yield.  Mr.  W.  A.  Saun- 
ders, of  California,  writes  recently  as  follows: 

Are  you  aware  of  ^the  value  of  Paspalum  distichum  for  seeding  pond-holes  that 
dry  up,  or  nearly  so,  in  autumn?  Such  ponds  are  usually  spots  oi  bare,  stinking 
mud,  out  when  well  set  to  this  gi-ass  will  yield  all  the  way  up  to  80  tons  (in  the 
green  state)  of  autumn  feed  for  stock,  especially  valuable  for  cows  first ;  then  fol- 
low with  sheep  until  every  vestige  is  devoiured.  Surely  it  has  an  immense  food  value 
in  such  places. 

Plate  2  shows  Paspalum  distichum;  a,  a  spikelet  enlarged ;  6,  the 
same  expanded,  showing  the  two  empty  glumes  and  the  flower. 

4.  Setaria  viridis  (Green  Foxtail). — In  almost  all  cultivated  and 
waste  grounds,  particularly  in  wheat  fields  after  cutting,  there  is  found 
an  abundant  after  crop  of  what  is  called  pigeon  grass  or  foxtail.  There 
are  two  species  of  this  foxtail,  which,  although  found  in  the  same 
field,  may  be  easily  distinguished.  One  is  Setaria  glauca,  with  an 
erect  culm  and  cylindrical  smke,  and  the  bristles  of  which  are  usu- 
ally of  a  yellowish  color.  The  other  is  the  Setaria  viridis,  which 
has  a  weaker  stem,  the  spike  rather  looser,  tapering  at  the  apex,  and 
with  the  bristles  longer,  and  green  in  color.  In  this  species  also  the 
spikelets  are  rather  smaller,  the  lower  glume  shorter,  and  the  grain 
less  distinctly  wrinkled.  The  seeds  of  both  kinds  are  eagerly  sought 
for  by  birds  and  poultry  in  grain  fields  after  harvesting.  The  grass 
is  probably  introduced  from  Europe. 

Jrlate  3  gives  a  view  of  the  crass-  a,  a  single  spikelet  enlarged, 
showing  the  parts  and  the  bristle  below. 
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5.  Oplismenus  setari  us.  — This  grass  is  found  in  Florida  and  in  other 
States  near  the  Gulf  of  Florida,  reaching  to  Texas,  and  thence  into 
Mexico  and  other  tropical  countries.  It  grows  in  woods  and  shady- 
places.  The  stems  are  at  first  prostrate,  often  branching  and  root- 
iiig  at  the  joints.  They  send  up  a  weak  flowering  culm,  with  a  loose 
raceme  4  to  6  inches  long,  composed  of  five  or  six  short,  sessile,  one- 
sided spikes,  about  half  an  inch  long,  each  containing  from  six  to 
twelve  spikelets  in  two  rows  on  the  rhachis.  The  spikelets  each  con- 
tain one  perfect  flower,  and  one  which  is  male  or  only  rudimentary, 
and  have  three  emjpty  awned  glumes,  the  lowest  of  which  has  the 
awn  two  or  three  times  as  long  as  the  spikelet.  The  flowering  glume 
is  awnless,  and  like  a  Panicum. 

Plato  4  shows  this  grass;  a,  a  single  spikelet  enlarged,  showing 
the  awned  lower  glumes,  and  the  two  flowers,  one  male,  the  other 
X^erfect.  Although  this  grass  furnishes  a  considerable  amount  of 
good  wild  forage,  it  is  not  probably  adapted  to  general  cultivation. 

G.  Beckmannia  eri^cce/oT-mt^  (Slough  grass). — This  genus  is  closely 
related  to  Panicum  and  has  considerable  resemblance  to  some  forms 
oi  Pan ic u m  crus-gallL  It  grows  abundantly  in  the  Rocky  Mountain 
region  from  California  and  Oregon  eastward  as  far  as  Iowa  and  Min- 
nesota. It  is  found  in  marshy  ground  and  in  sloughs,  particularly 
in  the  neighborhood  of  streams. 

•  It  usually  grows  in  tufts,  and  is  of  a  coarse  growth,  the  stout 
roughish  culms  rising  to  about  3  feet  in  height;  the  thickish  leaves 
are  about  half  an  inch  wide  and  G  to  8  inches  long.  These  as  well 
as  the  loose,  long  sheaths  are  strongly  marked  with  numerous  par- 
allel veins.  The  panicle  is  generally  long  and  narrow,  from  6  to  10 
inches  long,  and  half  an  inch  to  an  inch  wide,  composed  mostly  of 
many  very  short,  closely  set  branches,  which  are  more  or  less  in- 
terrupted oelow,  where  the  branches  are  generally  longer,  sometimes 
2  inches  long  and  erect. 

The  spikelets  are  crowded  very  closely  together  on  the  one-sided 
spikes,  and  each  one  consists  of  a  pair  of  tnickish,  compressed,  in- 
flated, boat-shaped,  emptv  glumes,  and  between  these,  one  lanceolate- 
acute  flowering  glume,  or  thinner  texture,  with  its  still  thinner  palet, 
and  tlie  stamens  and  styles.  These  are  represented  in  Plate  5,  a 
showing  an  enlarged  spikelet,  b  the  same  expanded  to  show  the  sep- 
arate parts.  In  some  localities  this  grass  is  abundant  and  forms  a 
valuable  resource  for  stock.  The  bottom  leaves  and  sterile  shoots  are 
tender  and  much  relished.     Mr.  F.  W.  Anderson  says: 

It  makes  good  ha}'.  When  the  plants  are  thick  together  the  aftermath  of  slender, 
juicy  leaves  quickly  grows,  remaining  green  till  quite  late  in  the  year.  It  is  to  be 
recommended  for  cultivation  in  low,  wet  meadows  genenmy. 

Others,  however,  regard  the  grass  as  coarse  and  without  value. 

7.  Anthenantia  ritfa. — Culms  erect,  2  to  3  feet  high,  from  strong 
creeping  rhizomas;  leaves  rather  rigid,  linear,  10  to  15  inches  long, 
three  linos  wide,  abruptly  pointed,  and  with  the  sheaths  of  a  pur- 

Elish  color;  panicle  4  to  8  inches  long,  narrow  and  loose,  the 
ranches  in  clusters  of  3  to  5  or  more  below,  flowering  nearly  to  the 
base;  spikelets  on  short,  slender  pedicels,  loosely  racemose  on  the 
branches,  each  containing  one  perfect  flower,  and  one  neutral  or  imper- 
fect one,  the  two  outer  glumes  five-nerved,  hairy,  as  long  as  or  longer 
than  the  flowers;  the  perfect  flower  with  a  rigid  glume  and  palet,  the 
sterile  flower  with  a  tnin  membranaceous  palet.  This  species  occurs 
in  low  and  swampy  pine  woods  in  the  Southern  States  from  North 
Carolina  to  Mississippi.     No  efforts  have  been  made  in  its  cultivation. 
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Plate  6  represents  this  grass;  a,  a  spikelet  enlarged;  6,  the  same  ex- 
panded showing  the  separate  parts. 

8.  Amphicarpum  Purshii. — An  annual  or  biennial,  erect,  rigid 

frass,  growing  2  to  2i  feet  high,  in  the  sandy  pine  barrens  of  Kfew 
ersey,  Delaware,  and  the  Southern  States.  The  leaves  are  mostly  at 
the  lower  part  of  the  culm,  lanceolate,  acute,  rough  (especially  on  the 
long  sheaths),  4  to  6  inches  long  and  three  to  four  lines  wide.  The 
panicle  is  rather  close,  4  to  6  incnes  long,  the  slender  branches  erect, 
sometimes  single  and  sometimes  in  twos  or  threes,  1^  to  3  inches 
long,  rather  loosely  flowered.  .The  spikelets  are  sessile,,  or  very 
short-stalked,  and  consist  of  a  pair  of  lanceolate,  acute,  five-nerved 
empty  glumes,  and  a  single  flower  with  rather  rigid  glume  and  palet, 
and  witn  three  stamens  and  two  styles.  These  flowers,  although  ap- 
parently perfect,  do  not  produce  seed,  but  there  is  another  kind  of 
spikelet  at  the  base  of  the  culm  which  bears  the  seed.  These  are 
borne  at  the  extremity  of  long,  slender  peduncles  or  secondary  culms, 
one  or  two  on  each  peduncle.  They  are  twice  as  large  as  the  spikelets 
of  the  panicle,  and  nave  thickened,  many -nerved  outer  glumes,  with 
the  flowering  glume  and  palet  hardened.  There  are  but  two  species 
of  this  genus  known;  the  second  one- is  found  in  pine-barren  swamps 
in  Florida.  They  furnish  a  certain  amount  of  feed  in  the  sandy  pine 
lands  of  the  Atlantic  coast. 

Plate  7  shows  the  plant  with  the  two  kinds  of  spikelets;  a,  perfect 
flower  enlaged;  6,  the  same  expanded;  c,  the  seed;  d,  a  fertile  flower 
enlarged  and  expanded  showing  the  parts. 

9.  Leersia  Virginica  (Rice-grass). — This  is  a  common  grass  in 
damp,  open  woods,  and  along  tne  margins  of  streams. 

It  IS  weak-stemmed  and  much  branched,  growing  about  3  feet  in 
length,  with  an  abundance  of  bright-green  leaves,  4  to  6  inches  long, 
3  to  4  lines  wide,  and  having  rough  mar^ns.  The  main  culm  and 
the  principal  branches  are  terminated  with  a  slender  panicle  of  4  to 
6  branches,  which  are  at  first  appressed  to  the  main  axis,  but  finally 
become  spreading  These  brancnes  are  single  and  slender,  from  1  to 
2i  incheslong,  the  lower  part  naked,  the  upper  part  closely  flowered. 
The  spikelets  are  very  small  and  consist  of  two  glumes,  inclosing  the 
stamens  and  styles.  The  outer  glume  is  broad-oblong,  thickish,  and 
much  compressed  or  flattened,  and  is  rough  on  the  back  and  margins 
with  stiff,  short  hairs.  The  second  glume  is  much  narrower,  and  also 
rou^h  on  the  nerves.  There  is  no  palet,  but  the  stamens  and  styles 
are  inclosed  by  the  upper  glume. 

This  grass  furnishes  a  part  of  the  native  feed  in  open,  wet  woods, 
and  is  sometimes  sufficiently  abundant  to  be  cut  for  nay. 

Plate  8  is  a  figure  of  the  grass;  a,  an  enlarged  spikelet  showing  the 
separate  parts. 

10.  Poa  Andina. — This  is  one  of  the  many  ''bunch  grasses''  of  the 
West,  so  named  from  its  habit  of  growing  in  bunches.  It  is  an  in- 
habitant of  all  the  interior  mountainous  country  and  of  the  high  plains. 

It  grows  from  1  to  1^  feet  high,  with  an  abundance  of  root-leaves, 
which  are  about  half  as  long  as  the  culms,  very  narrow  and  stiff, 
folded  or  rolled  together  lengthwise,  and  very  sharp-pointed.  The 
leaves  of  the  culm  are  very  short,  erect  and  stiff ;  the  lower  one  about 
2  inches ;  the  second,  1  inch  long,  and  the  upjjer  one  shorter ;  all 
of  them  have  loose,  striate  sheaths.  The  panicle  is  usually  lanceolate 
or  oblong,  2  to  3  inches  long,  and  about  naif  an  inch  wide,  close  and 
densely  flowered ;  the  branches  short  (one-half  to  three-fourths  of  an 
inch)^  and  mostly  sessile  and  alternate,  the  lower  one  sometimes  at  a 
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short  distance  below  the  others.  The  spikelets  are  about  three  lines 
long,  with  five  to  seven  crowded  flowers.  The  empty  glumes  are  thin, 
ovate-oblong,  two  lines  long,  the  lower,  one-nervea;  the  upper,  broader 
and  one-nerved  or  faintly  three-nerved  below  ;  the  flowering  glumes 
are  about  two  lines  long,  more  or  less  rounded  on  the  back,  very  thin 
and  blunt  at  the  apex,  either  nearly  smooth  or  softly  pubertflent  on 
the  back,  and  ciliate  on  the  margins. 

Attempts  should  be  made  to  intioduce  this  species  into  cultivation 
in  the  and  districts. 

Plate  9,  a  figure  of  the  grass;  a,  an  enlarged  spikelet;  6,  a  floret  ex- 
panded and  showing  the  separate  parts. 

ij.  Agropyrum  gfattcum  (Colorado  Blue-stem). — This  species  pre- 
vails on  the  western  plains  and  in  the  mountains,  and  is  well  known 
to  stockmen.  It  is  generally  known  by  the  name  of  blue-stem,  or  blue- 
grass,  and  is  sometimes  called  gumbo-grass. 

It  is  closely  related  to  the  quack-grass  or  couch-grass  of  the  East- 
ern States.  It  has  a  stiff,  erect  culm  and  leaves,  which  are  usually 
of  a  bluish-green  color.  On  hard,  dry  soil,  its  growth  is  low  and 
sparse,  but  on  low,  moist  ground  it  often  grows  2  to  3  feet  hi^h, 
and  is  considered  valuable  for  hay.  On  the  reorders  of  ditches  and 
on  irrigated  ground  it  yields  a  heavy  cutting.  The  flowering  spike 
has  somewhat  the  appearance  of  a  starved,  beardless  head  of  wheat. 
It  has  great  persistence  in  the  ground  on  account  of  its  strong,  run- 
ning rootstock.  Whether  it  will,  in  cultivated  ground,  become  as 
difiicult  to  eradicate  as  its  eastern  namesake  can  not  now  be  predicted, 
but  where  a  persistent,  nutritious  grass  is  the  great  want  of  a  coun- 
try, as  on  the  arid  plains,  it  is  worth  taking  some  risks. 

Fig.  11  represents  the  species;  a,  an  enlarged  spikelet  consisting  of 
the  two  empty  glumes,  and  nijie  florets,  two  of  which  are  expanded 
and  show  the  separate  parts. 

12.  Plantago  Patagonica  (Western  Plantain). — The  specific  name 
which  this  plant  bears  would  indicate  that  it  was  a  native  of  Pata- 

fonia.  It  was  probably  first  described  from  Patagonian  specimens, 
ut  is  extensively  spread  throughout  South  America,  and  into  various 
parts  of  Nortji  America,  particularly  on  the  Pacific  coast,  and  from 
Mexico  into  Texas,  the  Great  Plains,  and  through  the  Mississippi 
Valley  into  British  America.  Within  a  few  years  past  it  has  spread 
into  many  places  in  tlie  Eastern  and  Southern  States.  It  belongs  to 
the  plantain  family  (Plantaginaceae),  and  presents  a  number  of 
marked  varieties. 

It  is  a  small,  annual  plant,  seldom  more  than  10  or  12  inches  high, 
and,  like  most  of  the  family,  has  its  leaves  clustered  near  the  ground 
and  sends  up  one  or  more  slender  flowering  stalks  which  are  naked 
below,  and  above,  present  a  close  spike  of  flowers  succeeded  by  seed. 
The  leaves  are  very  narrow,  3  to  5  inches  long,  with  a  few  prominent 
ril  )S  running  nearly  parallel  from  base  to  apex.  The  variety  which 
is  figured  is  generally  clothed  with  soft,  silky  hairs.  The  flowers 
are  small  and  present  the  characters  common  to  the  genus,  which 
wc  need  not  here  particularize.  They  are  succeeded  by  the  very  nu- 
merous small  capsules  or  seed  vessels,  which  are  oblong,  with  thin 
walls,  and  each  containing  two  large  seeds.  These  capsules  have 
a  remarkable  way  of  opening  to  discharge  their  seeds.  Near  the 
middle  of  each  capsule  and  passing  round  it  horizontally  is  a  line  or 
mark,  wliere,  at  maturity,  tlie  upper  part  separates  lilce  a  lid,  and 
exposes  the  contained  seeds. 

Mr.  F.  W.  Anderson  states  that  in  Montana  this  plant  is  causing 
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trouble  in  hay-lands.  It  is  self -seeding  and  very  prolific.  The  seeds 
ripen  and  spring  up  the  same  season  and  mature  the  next  year. 
Where  nothing  hinders  the  development  of  the  plant,  by  its  very  num- 
bers it  drives  out  the  grama  and  blue- joint  grasses  in  large  patches. 
In  the  spring,  just  before  the  flowers  open,  a  fjatch  of  these  plants 
looks  like  hail  on  the  ground  at  a  little  distance,  owing  to  the  thou- 
sands of  white,  silky- villous  spikes  which  rise  in  all  directions.  Stock 
do  not  like  to  eat  the  plant,  and  farmers  are  beginning  to  detest  it. 

Plate  11  represents  this  plant;  a,  an  old  spike  gone  to  seed; the 
bracts  are  very  conspicuous  ;  6,  a  younger  spike  in  flower ;  c,  a  very 
young  spike  ;  Fig.  1  shows  a  back  view  of  the  flower  with  the  calyx 
removed ;  1,  a,  the  mark  of  circumscissile  dehiscence ;  Fig.  2,  a 
front  view  of  the  flower,  the  calyx  present  and  a  short  'bract  at  its 
base ;  Figs.  3  and  4,  portions  of  empty  capsules,  front  and  oblique 
views,  showing  central  placenta ;  Figs.  5  and  6,  dorsal  and  ventral 
views  of  a  seed. 

Figs.  1  to  6  greatly  enlarged. 

13.  Lygodesmia  juncea. — This  is  a  homely,  scragged,  perennial 
weed,  prevailing  throughout  the  Rocky  Mountain  region.  It  is  a 
naked-looking  composite  plant,  closely  related  to  the  chicory  plant 
of  Europe.  It  grows  about  a  foot  high,  with  a  rigid  stem  and  branches 
which  are  marked  with  fine  ridges  and  furrows.  The  leaves  are 
small  and  inconspicuous,  the  larger  ones  being  linear-subulate  and 
about  an  inch  long,  one  at  the  base  of  each  of  the  branches,  the 
upper  ones  becoming  gradually  reduced  to  small  bracts  or  scales. 
Each  branch  is  terminated  by  a  single  head  about  half  an  inch  long, 
containing  five  flowers  surrounded  by  an  involucre  of  slender  scales, 
and  a  few  much-reduced  ones  at  the  base.  The  flowers  are  all  of  the 
strap-shaped  form,  having  a  broad  fringed  summit,  and  of  a  rose 
color.  At  the  base  of  the  flower  is  the  afcenium  or  seed,  surmounted 
with  a  copious  tuft  of  long,  white  hairs,  constituting  what  is  called 
the  pcqypus.     The  akenes  are  linear  and  five-ridged  or  ribbed. 

Mr.  Anderson  states  that  the  plant  is  native  and  common  in  Mon- 
tana, and  has  a  deep,  perennial  root  which  it  is  hard  to  destroy.  It 
is  especially  pernicious  in  vegetable  gardens,  where  it  easily  chokes 
out  young  plants  and  causes  much  trouble.  It  will  thrive  in  hot, 
dry  weather,  when  most  other  plants  are  weakened  by  the  heat  and 
drought.  Hoeing  up  the  plants  while  tlie  flowers  are  in  bud  is  recom- 
mended. The  plant  blooms  and  scatters  seed  from  the  end  of  June 
till  October,  so  that  an  enormous  number  of  seeds  arel*  matured  each 
season.     In  cultivated  ground  theplant  becomes  much  distorted. 

Plate  12  represents  the  plant;  Fig.  a  is  a  branching  stem  torn  oflF 
near  tlio  base;  Fig.  6,  a  single  floret;  c,  a  seed  with  its  pappus;  d,  an 
empty  involucre  showing  five  punctures  on  the  regeptacle  where  the 
florets  were  attached;  e,  a  portion  of  a  thicker  stem,  showing  one  of 
the  lar.i;-(^r  leaves. 

14.  Solnnum  triflonnn  (Wild  Potato). — A  Mw,  herbaceous,  much- 
branched  and  spreading  plant  of  the  same  family  as  the  common 
potato,  growing  on  the  plains  from  New  Mexico  northward  into 
feritish  America.  The  stem  and  branches  are  weak  and  decumbent, 
seldom  over  a  foot  long,  but  verv  numerous  from  one  root.  The 
leaves  are  alternate,  1  to  2  inches  long,  oblong  in  outline,  deeply  cut 
into  lobes,  from  three  to  five  on  each  side,  and  tapering  below  into  a 
narrow  margin.  From  the  axils  of  the  leaves  there  proceed  slender 
peduncles  or  flower-stems,  about  an  inch  long,  each  bearing  about 
three  small,  white  or  pale-blue  flowers,  which  resemble  those  of  the 
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common  potato  but  smaller.     Each  of  these  flowers  is  succeeded  by 
a  small,  greenish  berry,  containing  numerous  small  seeds. 

Mr.  Anderson  says  of  this  plant,  that  five  years  ago  it  was  com- 
paratively rare  in  northern  Montana.  It  could  then  be  found  here 
and  there  on  the  prairies  or  near  water-courses,  but  during  the  past 
three  years  it  has  notably  increased,  owing  to  the  increased  cultiva- 
tion or  the  soil. 

Tlie  plant  grows  better  in  cultivated  ground,  and  it  is  a  fact  worth  recording  that 
it  grows  best  of  all  in  situations  particularly  suited  to  the  development  of  the  com- 
mon potato  {Solatium  tuberosum).  In  its  final  condition  the  plant  spreads  on  the 
ground  in  mats  8  feet  or  more  across,  the  branches  usually  rooting  all  along  the 
parts  touching  the  earth,  and  bearing  many  pale  blue  to  purplish  flowers.  I  had 
noted  several  years  ago  that  potato-bugs  Hve  upon  the  leaves.  In  1887  and  1888  an 
enormous  crop  of  potato-beetle  larvae  w^ere  produced,  chiefly  upon  this  weed.  It  is 
a  regular  swarming  place  for  Colorado  beetles,  which  lay  eggs  oy  the  thousands  on 
the  leaves  everywhere. 

Plate  13  is  a  figure  of  this  plant*  a,  b,  a  flower  and  bud  enlarged; 
c,  a  cluster  of  mature  berries,  witn  a  tuft  of  leaves;  d,  a  berry  cut 
transversely;  e,  a  berry  cut  vertically. 

The  grasses  of  Plates  1  to  11  are  one-half  the  natural  size. 


THE  PASTORAL  RESOURCES  OF  MONTANA. 
By  F.  W.  Anderson,  Special  Agent 

Not  many  years  ago  this  Territory  was  regarded  as  a  part  of  the 
vast  waste  called  the  Great  American  Desert.  Even  her  wealth 
of  mineral  resources  was  not  realized,  and  the  country  was  con- 
sidered fit  onlv  for  the  hunter,  the  trader,  and  the  Indian  agent. 
But  at  last,  when  the  rich  mineral  discoveries  of  Alder  Gulch  and 
Virginia  City  created  such  a  stir,  miners,  adventurers,  and  fortune- 
seekers  flocked  to  the  Territory  from  all  directions.  It  was  then 
that  people  began  to  see  in  the  mineral  productiveness  of  the  soil  a 
promise  of  future  greatness  for  Montana.  Mine  after  mine  was  dis- 
covered, keeping  alive  for  years  the  feverish  excitement  incident  to 
gold  hunting  on  the  *^  bars,"  for  nearly  all  mining  in  those  days  was 
placer.  Long  years  before  the  shriek  of  the  locomotive  echoed  with 
shriller  notes  in  Montana's  mountains  the  hoarse  cry  of  the  *^  bull- 
whacker"  and  the  sharp  crack  of  his  quirt  affrighted  the  timid  game 
feeding  peacefully  on  tne  mountain  slopes.  In  those  days  the  value 
of  a  good  mule  or  ox  train  was  estimated  at  about  $0,000  in  gold,  and 
many  a  fortune  has  been  made,  and  often  lost  again,  carrying  pro- 
visions and  implements  of  toil  to  the  hardy  pioneers  of  the  Territory. 
Soon  it  was  discovered  that  mules  and  oxen  grew  fat  on  the  native 
grasses,  thus  suggesting  possibilities  in  another  direction,  viz,  that 
of  stock-raising.  At  first  it  was  feared  the  extreme  cold  of  winter 
could  not  be  withstood  by  cattle  or  horses  on  the  open  ranges.  It 
was  considei  cd  out  of  the  question  to  feed  hay,  for  that  was  worth  $60 
a  ton,  sometimes  more.  However,  wintering  cattle  on  the  open  ranges 
was  tried,  but  with  discouraging  results.  A  few  of  the  originally 
imported  stock  still  survived,  and,  in  a  measure,  had  become  accli- 
mated. Tlieso  passed  through  a  milder  winter  than  usual,  and  spring 
found  them  in  fair  condition.  They  bore  fine,  healthy  calves,  ana 
thus  fresh  hope  was  infused  into  the  minds  of  experimenters. 

From  that  time  on  the  stock  business  has  steaaily  increased  until 
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now  it  has  reached  magnificeut  proportions;  and  as  one  travels  over 
the  Territory  north,  south,  east,  or  west,  he  is  pointed  out  with  pride, 
by  the  inhabitants,  the  costly  residences  and  large  herd3  of  cattle 
owned  by  the  **  cattle  kings,"  as  the  successful  men  have  been  dubbed. 
Where  Captains  Lewis  and  Clarke,  the  explorers,  over  eighty  years 
ago  saw  thousands  of  buffaloes,  elks,  and  deer  feeding  on  the  open 
plains  bordering  the  Missouri  River,  near  the  falls  now  roam  thou- 
sands of  horses  and  cattle  which  obtain  sustenance  the  year  round 
by  eating  the  native  grasses.  Upon  the  same  plains  a  hundred  years 
ago  the  Indians'  horses  also  grazed. 

MINING  AND  STOCK-RAISING. 

The  two  leading  industries  are  mining  and  stock-raising.  Quartz 
mining  is  now  the  chief  branch  of  the  former;  but  in  early  times 
placer  mining,  because  of  the  remoteness  of  the  country  and  diffi- 
culty of  adcess,  was  the  only  branch  sought  and  pursued.  The 
manner  of  raising  stock  is  very  simple.  BLorses  and' cattle  are  per- 
mitted to  roam  over  their  owners'  ranges  at  will,  and  are  "rounded 
up "  only  for  the'  purposes  of  branding,  castrating,  counting,  and 
selling,  all  of  which  work  is  usually  performed  at  stated  times  of 
the  year.  But  sheep,  although  kept  in  large  flocks  or  **  bands," 
are  cared  for  by  a  shepherd  or  "herder,"  partly  because  they  scat- 
ter far  and  wide  in  small  groups  if  left  to  themselves,  and  partly  be- 
cause they  need  protection  from  wolves  and  coyotes.  The  average- 
sized  band  of  sheep  will  probably  contain  2,500  head,  but  many  flocks 
number  over  5,000  head;  but  these  are  too  many  for  one  man  to  prop- 
erly care  for,  and  the  weak,  the  old,  and  the  lame  animals  have  a 
hard  time  of  it. 

While  horses,  cattle,  and  sheep  all  bring  forth  their  young  on 
the  open  plains,  sheep  are  thS  only  stock  receiving  any  attention  at 
this  period.  Extra  men  are  employed  during  the  "lambing  season,'' 
and  the  flock  is  generally  divided  up  into  three — those  to  lamb,  those 
lambing  (or  within  a  day  or  two  of  it),  and  those  that  have  lambed; 
this  is  aOne  for  obvious  reasons. 

Cattle  are  raised  for  beef,  no  practical  attention  yet  being  paid  to 
dairying;  horses  are  raised  for  speed  and  endurance,  very  few  draft 
animals  being  bred;  while  sheep  are  hardly  ever  raised  for  any  pur- 
pose but  wool-growing.  But  the  time  is  close  at  hand  when  ever  jr  in- 
dustry connected  with  these  animals  will  receive  its  merited  attention. 

GENERAL  FEATURES  OP  MONTANA. 

Tlie  southern  and  western  parts. — Looking  at  a  map  of  the  Terri- 
tory one  sees  that  the  southern  and  western  parts  are  much  broken 
by  small,  isolated  croups  of  mountains  and  nills.  If  one  traveling 
over  these  parts  will  take  time  to  climb  a  few  of  these  mountains  he 
will  see  at  once,  that  this  is  the  exact  nature  of  the  country.  Far 
below  him  he  will  see  valleys  and  plains  of  greater  or  less  extent  sur- 
rounding each  little  range.  Looking  towards  any  point  of  the  com- 
pass he  will  see  the  same  plains  wandering  between  and  around  other 
isolated  mountain  groups  in  the  distance,  strongly  reminding  him  of 
a  great  quiet  lake,  dotted  with  ^  huge,  rocky,  often  pine-clad  islands. 
These  groups  are  all  called  ranges  by  the  local  inhabitants,  but  many 
of  them  seem  too  small  to  deserve  such  a  name. 

Looking  at  the  map  again  one  will  observe  the  course  of  the  main 
divide  of  the  Rocky  Mountains.    Well  defined  and  broad,  it  retains 
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its  individuality  from  near  the  northeast  corner  of  Missoula  County, 
through  the  eastern  and  central  length  of  Deer  Lodge  County,  and 
half  through  Silver  Bow  County  on  its  eastern  border.  Here  it  be- 
comes broken  and  fragmentary.  The  Bitter  Root  Mountains  extend 
along  the  southwestern  border  and  continue  all  along  the  western 
line  as  far  north  as  the  forty-eighth  parallel  in  Missoula  County. 
Much  of  the  country  between  the  Bitter  Root  Mountains  and  the 
main  range  is  very  rugged.  So  far  as  I  have  seen  the  prevailing 
rocks  in  these  regions  are  gi*ay  granite,  porphyry,  slate,  and  lime- 
stone, but  occasional  large  areas  show  outcroppings  of  a  reddish-col- 
ored lava.  Especially  was  this  last  feature  observed  in  the  vicinity  of 
the  McCartney  Range  in  the  northeastern  corner  of  Madison  County. 

The  majority  of  the  little  mountain  clusters  contain  in  their  bowels 
gold,  silver,  copper,  and  lead.  Ironstone  of  several  varieties  is  also 
abundant,  so  that  iron  and  lime  for  fluxing  the  other  metals  are 
mostly  near  at  hand,  while  the  charcoal  is  made  in  the  pine  woods 
on  tlio  neighboring  heights.  In  a  few  of  the  ranges  free  gold  is 
found;  very  few  of  the  diggings  are  rich,  however,  seldom  paying 
more  than  ordinary  days'  wages  ($3.50  to  $6),  while  some  few  yield 
almost  fabulous  amounts  per  annum. 

The  plains  already  mentioned  are  mostly  high,  often  stony,  and, 
so  far  as  I  liave  seen  or  heard,  always  dry.  The  numerous  valleys, 
through  nearly  all  of  which  flows  a  stream  of  sparkling  water,  are 
for  the  most  part  narrow,  but  very  productive.  The  chief  crops 
appear  to  be  oats,  wheat,  timothy,  and  native  "bluejoint,"  potatoes, 
cabbages,  turnips,  and  onions;  corn  is  not  grown  as  a  regular  crop. 
Fruit  trees  of  any  kind  are  rarely  seen,  and  even  then  have  only 
been  planted  by  persons  of  unusually  enterprising  and  progressive 
spirit.  Even  the  small  fruits,  like  gooseberries,  currants,  raspber- 
ries, and  strawberries,  are  not  cultivated,  although  ample  evidence  is 
given  to  show  that  thev  and  other  small  fruits  would  do  well;  for 
many  persons  have  volunteered  the  information  that  they  go  into 
the  mountains  once  a  year  to  pick  a  year's  supply  of  these  fruits 
for  use  in  their  families. 

In  these  valleys  and  up  many  of  the  mountain  gulches  grow  several 
species  of  poplar  and  willow.  The  balsam  poplar  is  the  commonest 
of  the  genus.  Salix  flavescens,  var.  scouleriana^  8.  rostrata,  and  S, 
longifoiia  are  the  common  willows.  Occurring  with  these  are  also 
the  black  or  *  *  mountain  "  birch  {Betula  occidentalis),  which  sometimes 
attains  a  size  rarely  seen  in  the  northern  part  of  the  1  erritory,  and  a 
species  of  alder  (Abnis  viridis),  often  growing  to  a  height  of  30  feet. 
Occasionally  such  evergreens  as  Juniperus  communis  and  J,  Virgin- 
iana  may  be  found  also.  On  the  mountain  slopes  several  species  of 
pine  and  fir  occur.  But  the  mountain  tops  are  bare,  or  at  most  sup- 
port a  scattered  growth  of  dwarfed  pine  (Pinus  albicauliSy  Eng.). 

The  high  plains  or  benches  for  the  most  part  produce  a  very  thin 
growtli  of  grass.  In  many  localities  are  immense  tracts,  miles  in 
extent,  covered  by  sage-brush  (Artemisia  iridentata)  growing  to  an 
average  height  of  4  feet;  specimens  are  occasionally  seen  6  feet  high. 
The  woody  stems  of  this  strange  under-shrub  are  used  as  fuel  in 
some  parts.  Another  sage-brush  {A,  cana)  is  also  common.  It 
never  is  so  tall  or  robust  as  A.  iridentata,  Greasewood  (Sarcobatus 
vemnicidcdus),  with  its  cruel  spines,  is  abundant  in  many  localities. 
It  grows  into  a  good-sized  busn  4  or  5  feet  high  and  very  branching. 
The  numerous  short,  rigid  branchlets  are  usually  tipped  with  a 
sharp  point,  giving  them  a  spiny  appearance.     One  may  be  severely 
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pricked  in  forcing  his  way  through  a  patch  of  this  shrub.  I  am  in- 
lormed,  however,  that  this  plant,  despite  its  formidable  appearance, 
is  eagerly  sought  by  range  cattle,  which  live  upon  it  when  the  snows 
are  deep.  I  have  seen  cattle  munch  the  brandies,  spines  and  all,  as 
composedly  as  a  donkey  eats  a  thistle.  The  local  inliabitants  in  the 
spring,  when  the  young  shoots  are  green  and  tender,  boil  them  as 
**  greens,"  and  sometimes  make  pickles  of  them,  too.  I  have  not 
tasted  cooked  twigs,  but  have  eaten  the  raw,  succulent,  linear  leaves. 
The  flavor  is  almost  identical  with  that  of  the  well-known  samphire 
of  our  coasts.  One  more  under-shrub  contributes  largely  to  the 
characteristic  appearance  of  the  southern  and  southwestern  parts  of 
the  Territory,  viz,  Bigelovia  graveolens,  var.  albicaulis.  ILike  the 
sage-brush  and  greasewood  it  chiefly  inhabits  the  high  benches 
and  dry  bottoms.  This  variety  seems  to  occur  throughout  the  Ter- 
ritory; but  nowhere,  so  far  as  I  have  observed,  is  it  so  common  as  in 
the  counties  of  Silver  Bow,  Beaver  Head,  and  Madison.  Here  we 
find  it  averaging  3  feet  high,  making  the  plains  yellow  for  miles 
in  late  summer  with  its  profusion  of  flowers,  and  in  autumn  impart- 
ing a  peculiar  grayish-green  tint  to  the  landscape.  No  animal  seems 
to  eat  this  plant,  and,  aside  from  the  facts  that  it  helps  to  cover  the 
nakedness  of  the  earth  and  draws  a  little  moisture,  it  is  to  be  re- 
garded as  a  troublesome  weed. 

Agriculture,  then,  in  the  regions  described  is  confined  almost 
wholly  to  the  narrow  valleys  and  bottoms,  along  streams ;  it  is  not 
a  chief  industry,  and  never  can  be,  owing  to  the  very  nature  of  the 
country.  Mining  takes  the  lead,  stock-raising  comes  next.  Here  is 
a  grand  country  for  the  latter  purpose.  Despite  its  dry  plains  and 
abominably  numerous  steep  mountains  and  hills,  it  is  abundantly 
watered.  Scarcely  one  of  its  thousands  of  valleys  is  without  a 
brook  or  a  river  of  the  purest  water,  easy  of  access.  In  many  local- 
ities the  grass  forms  a  close  turf.  In  this  respect  the  southern  parts 
of  Madison  and  Beaver  Head  Counties  can  not  be  excelled.  In 
making  a  random  guess  I  would  say  that  fully  three-fourths  of  this 
entire  region  would  always  be  open  to  the  interests  of  stock-growers 
of  all  kinds.     It  is  a  splendid  country  for  the  purpose. 

Northern  and  eastern  Montana. — We  now  come  to  a  wholly  dif- 
ferent country:  the  general  appearance,  the  vegetation,  and  even 
the  climate,  all  different.  Here  we  have  the  three  grand  resources, 
mining,  stock-raising  and  farming,  on  a  more  nearly  equal  basis,  but 
instead  of  mining,  stock-raising  takes  the  lead.  And  here  wool- 
growing  is  an  important  item. 

Looking  at  a  map  of  these  parts  we  see  a  country  abundantly 
watered  and  possessing  only  a  few  (comparatively)  mountain  ranges. 
The  many  creeks  or  brooks  and  larger  streams  all  find  their  way  to 
one  of  three  great  river^.  The  central  river,  the  mighty  Missouri, 
then  receives  the  two  others — the  Milk  River  from  the  north  and  the 
Yellowstone  River  from  the  south.  Ascending  to  the  summit  of  any 
convenient  mountain  in  northern  Montana,  and  looking  as  far  as  the 
eye  can  reach  with  the  aid  of  a  field  glass  or  telescope,  one  sees  a 
grand  series  of  beautiful  rolling  plains,  thickly  covered  with  grass. 
Here  and  there  the  winding  vatleys  mark  the  courses  of  the  streams. 
In  the  distance  are  mountains,  purple,  and  blue,  and  gray.  To  the 
south  and  west  one  sees,  though  so  far,  the  main  range  of  the  Rockies, 
its  snow-clad  peaks  in  bold  relief.  That  range  can  be  distinguished 
at  a  glance  from  all  others. 

Here  we  have  a  country  pre-eminently  fitted  for  pastoral  aud  agri- 
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cnltural  pursuits.  The  extent  of  range  for  stock  would  be  simply 
inexhaustible  were  not  the  soil  so  rich  that  agriculture  is  rapidly  tak- 
ing possession.  In  fact  it  is  my  opinion  that  in  a  very  rew  years 
agri(uilture  will  have  such  a  pre-eminence  that  herd  laws  will  be  en- 
acted, at  least  for  the  protection  of  farmers  in  this  region.  Agricult- 
ure is  making  gigantic  strides.  It  has  been  satisfactorily  proven 
that  the  justly  celebrated  wheat  lands  of  Minnesota  and  Dakota  can 
not  surpass  the  bench  lands  of  northern  and  eastern  Montana.  Hun- 
dreds of  progressive  farmers  and  others  are  planting  timber  and 
fruit  trees,  everywhere  meeting  with  success.  So  it  is  easy  to  fore- 
see that  in  a  few  years  the  country  will  be  so  settled  by  farmers  and 
growers  of  fine-blooded  stock,  who  will  keep  their  animals  in  pastures 
or  other  inclosures,  that  range  stock  will  be  crowded  to  the  foot-hills 
and  mountains,  or  else  their  owners  will  have  to  take  them  to  those 
regions  where  there  will  never  be  a  struggle  between  the  tiller  of  the 
soil  and  the  flock-master  for  possession  of  the  field. 

If  one  will  go  over  any  portion  of  the  region  now  under  consider- 
ation, after  having  gone  over  those  parts  described  in  the  previous 
section,  he  will  at  once  notice  the  difference  in  the  vegetation.  No- 
where here,  except  in  the  ''bad  lands"  along  cei-tain  portions  of  the 
Missouri  River  and  in  a  few  other  parts,  will  be  seen  the  sage-brush, 
Bigelovia,  and  greasewood,  in  any  abundance.  In  going  over  the 
ground  during  summer  the  difference  will  be  still  more  marked  by 
the  presence  of  a  great  variety  of  leguminous  plants,  many  of  them 
very  beautiful  in  flower  and  foliage,  which  are  dotted  over  these 
northern  plains  in  all  directions.  In  my  own  herbarium  are  twenty- 
three  species  and  several  varieties^  representing  the  genus  Astragalus 
alone,  all  collected  in  this  region. 

Along  the  small  streams  and  rivers  the  common  trees  are  Popichis 
monilifera,  P.  angustifolia,  P.  tremuloideSy  and  more  sparingly  P. 
angulata.  Only  one  willow  ever  seems  to  become  truly  tree-like  in 
size,  viz,  Salix  amygdaloides.  This  species  usually  becomes  of  suf- 
ficient size  for  good,  solid  fence-posts,  and  at  times  even  larger.  It 
is  considerably  used  for  that  purpose.  Prof esapr  Coulter  in  his  Man- 
ual of  Rocky  Mountain  Botany,  page  335,  quotes  that  a  form  of  Salix 
cordata  sometimes  affords  durable  timber,  adding  that  "it  is  alto- 
gether incredible  that  any  form  of  S.  cordata  ever  attains  tree-like 
size."  So  far  as  personal  observations  enable  me  to  judge  I  think 
Professor  Coulter  is  quite  right.  The  very  largest  specimen  of  Si  cor- 
data  I  ever  saw  was  not  more  than  5  inches  in  diameter  at  the  bottom. 
It  was  the  var.  vestita^  the  common  diamond  willow,  the  same  form 
that  Professor  Coulter  comments  upon.  But  Salix  amygdaloides  fre- 
quently becomes  18  inches  in  diameter.  Where  albundant  it  is  much 
cut  for  cord-wood,  making  excellent  fuel.  Towards  the  mountains 
the  poplars  all  disappear  save  P.  tremidoides.  The  willows  also  are 
different,  S.  rostrata  and  a  form  of  S,  glauca  being  most  common. 

CLIMATE. 

The  climate  of  this  Territorv  is  a  remarkable  one.  The  'winter 
weather  of  any  new  country  is  always  the  subject  of  special  inquiry, 
particularly  when  stock-raising  is  in  question.  The  following  notes 
upon  this  and  the  other  seasons  may  be  of  interest : 

Winter. — Winter  generally  sets  in  in  good  earnest  in  the  early  part 
of  January,  seldom  much  snow  or  cold  before  then,  and  lasts  until 
the  middle  of  March  or  beginning  of  April.  It  is  not  a  period  of 
steady  winter  weather,  however;  a  "  cold  snap"  seldom  lasts  over 
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two  or  three  days.  According  to  statistics  the  average  snow-fall  in 
the  course  of  a  winter  is  about  18  inches.  This  does  not  fall  all  at 
once  ;  neither  does  it  fall  from  time  to  time,  and  accumulate  for  the 
genial  warmth  of  the  spring  to  dissipate.  Here,  in  mid-winter,  the 
mild  breezes  blowing  inshore  from  trie  Japan  Current  sweep  down 
over  the  mountains,  often  melting  a  foot  oi  snow  in  a  single  day  or 
night,  and  seldom  letting  one  snow-fall  lie  upon  the  ground  over  two 
or  three  weeks.  In  this  way  the  ground  is  frequently  left  bare  for 
several  weeks  before  the  advent  of  another  storm.  At  such  times 
men  go  about  in  their  shirt-sleeves,  insects  skip  and  fly  about  the 
prairies,  and  stock  upon  the  ranges  gain  flesh.  Some  winters,  how- 
ever, the  snow  becomes  crusted  hard  for  weeks  at  a  time :  then  range 
cattle  suffer  terribly,  and  many  of  them  die  because  tney  can  not 

?:et  at  the  grass.  Horses  and  sheep  paw  holes  in  the  snow,  **  rustling 
or  feed,"lience  seldom  suffer.  Cattle  never  paw;  if  they  can  not 
push  the  snow  off  the  grass  with  their  noses  tney  starve  or  eat  wil- 
lows, which  is  nearly  as  ruinous.  But  the  loss  of  cattle  from  this 
cause  is  not  necessarv,  as  it  would  take  but  little  hay  to  keep  them 
alive  till  a  '^  chinook     came  to  break  the  icy  bonds. 

/SpWngf.— Spring  follows  close  upon  winter;  there  is  no  gradual 
transition,  before  the  last  chinook  has  swept  away  the  snow-drifts, 
wild  flowers  of  brilliant  colors  appear.  Spring  frosts  rarely  occur, 
except  very  close  to  and  in  the  mountains.  Farmers  put  in  their  seeds 
as  soon  as  the  ground  is  thawed  enough  for  plowing,  and  seldom  give 
them  further  attention  till  harvest  time.  In  northern  Montana  an 
ample  supply  of  rain  falls  during  May  and  June.  Spring  here  is  nearly 
as  warm  as  summer ;  for  this  reason,  combined  with  the  abundance  of 
rain,  vegetation  grows  with  surprising  rapidity.  The  ** blue- joints" 
and  other  tall  grasses  are  usually  3  feet  high  by  the  middle  of  June. 

Summer. — Tnis  season  may  be  said  to  develop  from  spring  about 
the  middle  of  June.  Its  hottest  period  is  in  August.  Sometimes, 
but  not  often,  the  temperature  is  over  110°  F.  in  the  shade.  The 
probable  average  is  about  80°  F.  It  is  well  known  that  sea-breezes 
are  warmer  in  winter  than  the  land  atmosphere,  and  that  they  are 
cooler  ill  summer ;  and  so  it  happens  that  the  same  breezes  which 
melt  the  snow  and  moderate  the  severity  of  winter  here,  gently  blow, 
cool  and  refreshing,  over  the  mountains  and  plains  in  summer 
time.  Consequently,  the  heat  of  summer  has  not  tnat  oppressiveness 
so  characteristic  of  it  in  "  the  States."  It  is  seldom  that  one  can  not 
fully  enjoy  the  comfort  of  a  woolen  blanket  during  a  summer  night. 

Autumn. — Montana's  autumn  weather  is  perfect.  The  nights  are 
cool,  often  frosty;  the  days  are  bright  and  mild.  Whenever  we  have 
a  ffood  fall,  stocK  are  in  prime  condition  for  market,  or  to  face  the 
cold  weather  coming.  This  fine  weather  generally  lasts  till  well  on 
into  November.  (This  year  it  is  yet  fine,  and  I  sit  writing  this,  the  22d 
of  December,  with  my  door  wide  open.)  Then  a  small  snow-storm 
occurs  occasionally  to  remind  one  that  winter  has  almost  come  again. 

We  have  now  glanced  over  the  general  features  of  the  Territory, 
and  in  so  doing  have  seen  that  the  greater  part  of  it,  at  least  four- 
fifths,  can  be  utilized  for  stock-raising.  We  have  also  seen  that 
nearly  half  of  it  will  eventually  be  devoted  to  agricultural  interests. 
The  south  and  most  of  the  western  part  will  always  be  a  pastoral 
country,  while  the  north  and  east  will  soon  be  almost  entirely  devoted 
to  farming,  horticulture,  and  the  raising  of  fine,  blooded  stock,  for 
which  purpose  very  extensive  areas  are  not  needed  by  individuals. 
We  have  seen  that,  on  the  whole,  the  climate  is  a  good  one.    This 
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good  climate  is  probably  mainly  the  result  of  two  features,  the  close 
proximity  and  protection  afforded  by  the  main  range  of  the  Rocky 
Mountains,  with  its  numerous  spurs,  and  also  of  the  cooling  influence 
of  the  chinook  wind  blowing  from  the  Japan  Current  in  summer,  and 
its  warming  influence  in  winter. 

NATIVE  GRASSES. 

In  agricultural  circles  there  has  been  much  talk  about  the  '*  bunch 
grasses,"  *' blue-joint  grasses,"  and  ^'buffalo  grasses"  of  the  North- 
west. I  shall  not  here  pretend  to  present  as  large  a  list  as  Professor 
Scribner's  * 'Agricultural  Grasses  of  Central  Montana,"  not  having 
the  necessary  material  to  draw  from;  but  the  following  list  gives  our 
most  important  species,  as  I  have  found  them,  in  different  parts  of 
the  Territory: 

Beckniannia  eruccsfonnis^  Host  (Beckmann's  Grass,  "Slough- 
Grass"). — Found  throughout  in  low  grounds,  marshy  places,  and 
sloughs;  to  some  extent  also  along  the  banks  of  motmtain  streams. 
In  some  localities  it  forms  a  valuable  food  for  stock.  Average  height 
about  3  feet.  The  stout  culms  give  off  several  bright-green  leaves, 
4  to  8  or  9  inches  long.  Several  culms  usually  grow  from  one  tuft. 
At  the  bottom  of  the  plant  are  tender  leaves  and  sterile  shoots  much 
relished  by  stock.  It  makes  good  hay.  Where  the  plants  are  thick 
together,  the  aftermath  of  tender,  juicy  leaves  quickly  grows,  re- 
maining green  till  quite  late  in  the  year.  To  be  recommended  for 
cultivation  in  low,  wet  meadows  generally. 

Panicxiin  capillare,  L.  (Panic-Grass,  "Fool-hay"). — Throughout; 
forming  large  "meadows  in  some  localities.  Mostly  found  in  waste 
or  gravelly  soil.  Sometimes  called  "Fool-hay,"  because  it  takes  so 
much  to  make  a  ton. 

Panicum  crus-gaUi,  L.  (Barnyard-Grass). — Professor  Coulter  in  his 
Manual,  page  404,  says:  "Very  widely  introduced,  possibly  indige- 
nous somewhere  on  the  continent."  Undoubtedly  indigenous  ^here; 
occurring  along  streams  and  in  gravelly  places  throughout.  In  the 
mountains  usually  dwarfed.  Sparingly  introduced  into  cultivated 
ground.  Stock  eat  this  grass  readily.  Leafy,  many-stemmed,  hardy, 
"  solf-seeding  "  unfailingly,  it  has  much  to  recommend  it. 

Setaria  viridls,  Beeiuy.  (Green  Foxtail,  Bottle-Grass,  "Wild  Mil- 
let").— Introduced  into  cultivated  soil.  Not  common.  Many  farm- 
ers look  upon  it  with  ^reat  favor. 

Spariina  cynosuroides,  Willd.  (Cord-Grass,  Marsh-Grass). — 
Tliroughout,  in  marshy  ground  along  streams,  and  in  depressions  of 
valleys.  So  abundant  in  some  localities  that  eventually  it  may  cause 
serious  trouble.  In  some  of  the  meadows  near  Helena  it  constitutes 
nearly  half  the  grass.  It  spreads  by  strong,  scaly  root-stocks,  each  of 
which  is  tipped  by  a  stiff',  sharp  point,  formed  by  the  overlapping,  ter- 
minal scales.  Culms  average  4  feet  high,  stiff  and  reed-like.  Stock 
will  not  eat  this  grass,  ami  it  is  useless  for  hay. 

Fhalaris  arundinacea,  L.  (Reed  Canary-Grass). — This  valuable 
grass  is  common  throughout.  Abundant  along  many  of  the  mount- 
ain streams  and  in  moist  valleys  everywhere,  especially  in  the  south- 
ern part.  Prefers  moist  situations,  attaining  a  neight  upwards  of  5 
feet.  Makes  excellent  hay.  Cattle  are  very  fond  of  the  leaves  and 
panicles.  The  latter,  when  full  of  seeds,  tney  nip  off  and  eat  with 
evident  relish.  This  species  would  pay  well  in  cultivation,  owing  to 
the  abundance  of  hay  it  would  yielcf.  {Phalaris  Canariensis^  L.,  is 
sparingly  introduced.) 
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Hierocliloa  horealiSy  R.  and  S.  (Vanilla-Grass,  Seneca-Grass). — Is 
sa'id  to  be  common  in  some  parts.  I  never  saw  it  myself  except  along 
the  banks  of  Belt  River,  in  Meagher  County. 

Alopecurus  pratensis,  var.  alpestris  (Mountain  Timothy). — This 
species  has  an  unexcelled  reputation  as  a  grass  for  the  pasture  and 
hay-mow.  Growing  extensively  in  the  mountains  it  often  covers 
large  open  tracts  known  as  "  mountain  meadows"  and  **parks.''  It 
is  regularly  cut  for  hay,  and  the  delicious  odor  exhaled  during  tlie 
curing  process  is  indeed  *'the  scent  of  new-mown  hay."  There  is 
no  necessity  for  introducing  foreign  grasses  into  any  region  possess- 
ing a  native  species  like  this. 

Aristida  purpurea,  Nutt.  (Triple-awned  Grass,  Bunch-Grass). — 
Common,  especially  south  and  southwest.  In  the  northern  part  the 
variety  longisefa,  v  asey,  appears  to  be  the  prevailing  form.  Chiefly 
on  gravelly,  stony  ground  along  bluffs  and  rocky  hills  in  the  northern 
part,  but  southward  it  is  very  abundant  in  some  localities  on  the  dry 
plains  so  characteristic  of  that  region.  Its  habit  of  growing  in  stiff 
clumps,  narrowed  below\  diverging  above,  has  gained  for  it  the  usual 
name,  "  bunch  grass."  Cattle  and  horses  eat  the  green  clumps  freely, 
but  sheep  x^refer  other  grasses.  A  valuable  adjunct  to  winter  ranges; 
sheep,  even,  are  often  glad  enough  to  eat  it  in  winter. 

Stipa  coniata,  Trin.  and  Rupr.  (Feather-Grass,  '*  Bunch-Grass," 
"  Needle-Grass,"  "  Needle-and-Tliread  "). — This  common  grass  is 
known  here  by  all  the  popular  names  except  the  first.  Found  through- 
out. It  has  the  "  bunch-grass"  habit,  the  culms  seldom  exceeding  3 
feet,  usually  but  half  that  height.  Stock  are  fond  of  the  numerous, 
narrow,  involute  leaves  crowning  the  base  of  the  bunch.  Common- 
est in  poor  soil  and  where  **  bed-rock  "  is  near  the  surface. 

Stipa  viridula,  Trin.  (Feather-Grass,  Bunch-Grass,  **  Wild  Oats  "). — 
With  the  last,  but  apparently  more  abundant  in  richer,  damper  soil, 
attains  a  height  of  4  feet,  and  in  moist  situations  a  still  greater. 
Where  thick  enough  it  is  cut  for  hay,  of  which  it  makes  a  fair  qual- 
ity. Stock  like  the  seeds,  which  are  numerous  and  taste  like  oats. 
I  have  frequently  seen  both  sheep  and  cattle  fight  with  their  own 
kind  over  a  well-seeded  panicle  of  this  grass. 

Stipa  spartea,  Trin.  (Feather-Grass). — Known  here  by  the  less 
delicate  but  certainly  more  appropriate  name  of  **  Devil's  Darning- 
needle."  This  wretched  grass  is  not  common  anywhere  that  I  have 
been  in  Montana  except  in  the  foot-hills  and  valleys  bordering  the 
north  aspect  of  the  Great  Belt  Mountains  near  to  tne  West  Fork  of 
Hound  Ureek  and  ^Hhe  old  Fort  Logan  road."  It  is  to  be  hoped 
that  it  will  not  spread  for  years  to  come.  In  traveling  afoot  where 
this  grass  otows  when  it  is  in  seed  t)ne  is  kept  busy  picking  the  sur- 
prisingly sharp-pointed  seeds  with  their  strongly-twisted  awns  out 
of  trousers  and  sleeves.  If  allowed  to  remain  these  seeds  rapidly  in- 
sinuate themselves  into  the  flesh.  I  have  seen  horses  and  cattle  with 
the  awns  sticking  out  of  their  skin  while  the  seed  was  completely 
buried  beneath.  The  poor  creatures  suffer  severely  at  times  from 
the  irritation  thus  set  up.  This  grass  has  been  reported  from  one  or 
two  other  localities,  but  is  said  not  to  be  common. 

Oryzopsis  cuspidatu,  Benth.  (Mountain  Rice,  "Bunch-Grass"). — 
This  valuable  grass  is  common  throughout.  Usually  in  clumps  vary- 
ing from  1  to  3  feet  high.  In  the  southwestern  part  it  does  not  aver- 
age over  8  inches  high  and  one  or  two  culms  to  a  plant.  The  leaves 
are  long  and  very  narrow,  growing  from  thef  middle  and  lower  parts 
of  the  stem,  usually  few  or  none  arising  from  the  base.    Panicle  often 
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included  below,  but  very  open  and  branching  above.  From  the  tips 
of  the  slender  branchlets  grow  the  hard,  nut-like  flowers  and  seeos. 
The  seeds  arc  very  nutritious,  as  good  as  oats,  and  are  greatly  relished 
by  stock,  especially  cattle.  This  grass  grows  up  early  in  tne  season 
and  may  be  still  found  in  a  comparatively  green  state  late  in  the  fall, 
long  after  the  seeds  have  ripened  and  fallen  off.  It  would  doubtless  do 
well  in  cultivation,  and  seems  to  flourish  best  in  sandy  soil,  where  its 
long,  librous  roots  always  draw  up  the  moisture.  The  fact  of  its  being 
so  nutritious  and  at  the  same  time  capable  of  thriving  in  what  is 
usually  considered  the  poorest  of  soil  makes  it  well  worthy  the  atten- 
tion of  all  western  Experiment  Station  authorities,  as  well  as  of 
northwestern  farmers. 

Oryzopsis  micrantlia,  Thurber  (Slender  Mountain  Rice). — Com- 
mon but  not  abundant  in  many  localities.  Being  less  conspicuous  than 
the  last  it  has  been  generally  overlooked.  It  is  supposed  td  grow 
in  Montana  mainly  at  the  highest  elevations.  Often  nearly  as  tall 
as  the  last,  but  always  very  slender;  the  few  and  narrow  branches 
of  the  panicle  arranged  in  jmirs.  Manv  culms,  fifteen  or  more 
usually  arise  from  one  tuft.  Very  leafy  below;  leaves  narrow  and 
setaceous-tipped,  4  inches  to  over  a  foot  long;  bright  green,  well 
flavored.  Stock  enjoy  this  grass.  It  could  be  profitably  cultivated 
towards  the  mountains  on  rich  slopes,  or  in  moist  valleys.  It  seems 
to  have  no  si^ecial  choice  of  habitat,  however.     I  have  seen  it  from 

2  inches  to  over  18  inches  high  at  the  rocky  summit  of  Mount  Helena, 
and  it  grows  over  2  feet  high  in  one  corner  of  my  ranch  in  Sand 
Coulee.  (Sand  Coulee  is  a  large  valley  of  the  plains  near  the  falls  of 
the  Missouri  River;  altitude  about  3,400  feet.)  This  grass  is  also 
common  in  the  Bird-tail  Mountains,  portions  oi  the  Belt  Mountains, 
and  in  the  ranges  south  and  west  towards  the  Idaho  line. 

Muhlenbergia  glome  rata  (Drop-seed  Grass,  Muhlenberg's  Grass). — 
There  seems  to  be  no  local  name  for  this  or  the  other  Muhlenbergias 
found  here.  Ask  a  stockman  what  it  is,  his  answer  will  be,  "Oh,  it's 
a  kind  of  Foxtail,  I  guess."  This  species  has  been  observed  in  the 
counties  of  Chouteau,  Cascade,  Deer  Lodge,  Silver  Bow,  and  Beaver 
Head.  But  the  only  locality  in  which  I  have  seen  it  abundant  is  at 
Warm  Springs,  in  the  extreme  southeast  corner  of  Deer  Lodge 
County.  It  grows  freely  in  the  warm  marishy  ground  about  the 
springs.  It  extends  by  slender,  brittle  root-stocks,  and  in  this  county 
(Cascade)  is  much  affected  by  Ustilago  Montanensis,  Ellis  &  Holway, 
which  aborts  the  panicles  of  at  least  half  the  culms.  Cattle  eat  the 
grass  readily,  and  it  seems  to  be  a  desirable  one  for  cultivation,  as  it 
would  yield  a  heavy  crop  of  very  good  hay.  It  is  a  late-flowering  ' 
si^ecies,  producing  great  Quantities  of  nutritious  seeds.  It  seems  to 
flx)urisli  just  as  well  in  orciinarily  dry  situations  as  in  wet  ones. 

Phleum  alninum,  L.  (Native  Timothy,  Cat's- tail  Grass,  also  called 
"  Mountain  Timothy''). — Plentiful  in  all  the  mountain  regions,  along 
streams,  oj^onings  in  pine  forests,  and  in  the  moister  "parks."  A 
valuable  grass  and  much  esteemed  for  hay.  Seldom  over  20  inches 
high,  but  sometimes  upwards  of  2  feet;  culms  often  quite  leafy. 

Phlcinn  pratense,  L.  (Timothy,  "Tame"  Timothy). — Can  hardly 
be  classed  with  the  native  pastoral  resources,  but  has  been  introduced 
to  a  considerable  extent.  In  the  southern  and  western  parts  ample 
irrigation  is  found  necessary  to  its  successful  culture.  In  the  north- 
ern and  eastern  parts  irrigation  is  not  thought  of.     This  year  I  saw 

3  acres  of  splendid  timothy  4  feet  higli,  standing  thickly  on  the  top 
of  the  highest  hill  near  Great  Falls.    The  field,  only  "sod-breaking. 
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is  the  property  of  Mr.  John  Glass.  Timothy  has  become  naturalized 
in  the  mountains  about  Helena.  Isolated  patches  of  it  are  frequently 
found  in  the  Belt  Mountains.  Rev.  F.  D.  Kelsey,  the  well-Known 
*^  Helena  botanist,*'  reports  it  as  having  run  wild  in  the  mountains 
about  Rimini.  It  grows  sparingly  along  Black-Tail  Deer  Creek,  near 
Dillon,  and  along  the  Red  Rock  River,  near  Spring  Hill  (Allerdice 
P.  O).  This  plant  is  found  in  such  unusually  out-of-the-way  j)laces 
and  is  so  widely  distributed  that  some  have  suggested  the  possibility 
of  its  being  just  as  much  native  to  this  region  as  P.  alpinum, 

Sporobotus  cryptandruSy  Gr.  (Drop-seed  Grass). — Along  sandy 
banks  of  streams;  also  in  cultivated  soil.  Very  prolific,  soon  taking 
possession  where  allowed.  Cattle  and  sheep  eat  it  down  close  when- 
ever they  cair  get  at  it.  Several  other  species  occur,  but  appear  to 
be  of  little  or  no  value.  S.  depmiperatus,  Torr.,  is  found  tnrough- 
out;  Very  abundant  in  some  localities,  especially  in  Beaver  Head 
County,  'where  it  is  abundant  on  the  bottoms  mixed  with  grama  and 
other  grasses. 

Deschampia  ccespitosa,  Beauv.  (Hair-Grass). — This  beautiful  and 
variable  grass  is  found  throughout,  but  constitutes  a  regular  forage 
plant  in  veiy  few  localities.  It  i^roduces  many  leaves  and  culms 
from  the  tutted  base,  which  are  eagerly  eaten  by  horses,  cattle  and 
sheep  in  the  spring  and  early  summer.  It  grows  in  a  great  variety 
of  soils  and  can  bear  considerable  drought.  In  a  few  isolated  locali- 
ties are  stretches  of  valley  several  miles  in  extent,  fine  meadow  lands, 
where  this  species,  and  grama  grass,  and  Poa  tenuifoUa  grow  in  about 
equal  proportion. 

Danthonia  unispicafa,  Munro  (Wild  Oat-Grass). — Several  species 
occur,  but  this  is  tlio  only  one  I  have  found  in  abundance.  It  grows 
on  the  higher  *'bald"  mountain  slopes,  often  being  the  principal 
grass.  Growing,  in  general  appearance,  it  reminds  one  of  a  rich 
growth  of  grama  grass;  but  the  single  terminal,  erect  spikelet  is  a 
peculiarly  plain  distinguishing  feature.  I  believe  this  grass  to  be  of 
almost  as  much  importance  on  some  of  the  higher  mountains  in  pro- 

fortion  to  the  area  of  its  habitat  as  the  grama  grass  on  the  plains, 
have  had  horses  ** picketed"  da5''s  togetner  in  mountain  "  parks" 
where  this  was  almost  the  only  grass.  They  liked  it  and  did  well. 
In  the  herbarium  of  Mr.  Robert  S.Williams,  of  Great  Falls,  are  speci- 
mens of  D.  Calif ornica  and  D.  intermedia,  which  he  savs  are  com- 
mon in  the  main  raii^e  at  the  head  of  the  North  Fork  of  Sun  River. 

Agrosiis  scolyra,  Willd.  (Thin-Grass,  Bent-Grass,  also  called  **Fool- 
hay"). — Everywhere.  In  comparatively  moist  spots  it  sometimes 
covers  many  acres. 

Agrosiis  exarata,  Trin.  (Bent-Grass). — I  have  never  heard  a  local 
name  for  this  common  and  valuable  ^rass.  It  is  variable  in  size  and 
appearance,  but  under  proper  conditions  grows  over  2  feet  high. 
Cailms  numerous,  leafy,  especially  at  the  base ;  leaves  flat,  erect,  the 
lower  ones  2  to  5  incnes  long.  It  grows  about  springs  and  along 
streams,  and  ought  to  be  cultivated. 

Agrosiis  alba^L,.  (Bent-Grass,  Red-top). — Abundant  throughout  in 
well-watered  localities;  often  growing  3  feet  high.  An  excellent 
grass  for  meadow  or  pasture. 

The  eastern  form.  A,  vulgaris  (Red-top),  has  been  introduced 
sparingly  into  cultivation,  it  is  also  found  nere  and  there  along  the 
various  lines  of  railroad,  quite  distinct  in  appearance  from  the  na- 
tive plant.  It  does  best  in  low  grounds,  and  like  the  native  species 
bears  considerable  moisture.    The  latter  is  frequently  found  almost 
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choking  some  of  the  small  shallow  brooks  or  creeks.    All  kinds  of 
stock  thrive  upon  these  grasses. 

Ammophila  longifolia,  Benth.  (Sand-Grass). — Throughout,  but 
apparently  most  common  in  the  northern  and  eastern  parts  ;  chiefly 
on  dry  hillsides  and  in  sandy  soil  on  the  benches  and  bottoms.  A 
very  useful  species,  serving  to  bind  loose  soil  and  prepare  the  way 
for 'more  nutritious  forms;  one  to  5  feet  hi^h,  rather  stout.  Al- 
though it  has  strong,  creeping  root-stocks  it  is  easily  exterminated 
when  desirable;  simple  plowing  and  harrowing  a  few  times  checks 
its  growth.  For  this  reason  it  can  be  safely  recommended  as  a  truly 
valuable  pioneer  grass  for  reclaiming  unproductive,  sandy  wastes. 
It  is  sometimes  cut  for  hay,  but  stock  will  not  eat  it  till  compelled,  un- 
less it  is  cut  young.  It  often  grows  in  small  circular  patches,  at  other 
times  irregularly  covering  large  areas.  It  turns  yellowish-brown  in 
August  or  September,  ana  may  be  distinguished  from  other  vegeta- 
tion at  long  distances. 

Deyeuxia  Canadensis,  Besixiv.  (Reed  Bent-Grass). — Common  with 
Phaiaris  arundinaceaj  growing  to  nearly  the  same  height;  leaves 
long  and  numerous.  It  is  worth  cultivating,  as  are  the  following 
members  of  the  genus: 

Deyexixia  Suksdorfiiy  Scribner. — At  a  first  glance  one  might  take 
this  for  an  Agrostis,  Professor  Scribner,  in  his  interesting  pa|)er, 
"  Agricultural  Grasses  of  Central  Montana,"  mentions  it  as  being 
rather  plentiful  along  Smith's  River  Cafion."on  dry  but  rich  lime* 
stone  soil."  Rev.  F.  D.  Kelsey,  of  Helena,  found  it  growing  in  sandy 
soil  at  the  ''Warm  Springs"  near  Helena.  (This  is  not  the  Warm 
Springs  in  Deer  Lodge  County,  where  the  Territorial  Insane  Asylum 
is  located. )  This  grass  has  every  appearance  of  being  the  kind  to 
cultivate.  The  slender,  leafy  culms  are  upwards  of  2  feet  high, 
bearing  a  densely-flowered  panicle  of  a  lignt  straw  color  which  is 
sometimes  faintly  and  delicately  tinged  with  rose-purple.  The  leaves 
are  2  to  8  inches  long,  and  in  my  specimens  2  to  6  lines  wide,  and 
straight,  growing  numerously  from  the  base.  The  plant  grows  in 
clumps  or  bunches. 

Deyeuxia  neglecta,  Kth.  (Reed  Bent-Grass). — Common  throughout 
in  wet  places  with  D,  Canadensis  and  Phaiaris  arundinacca.  It  is  of 
about  the  same  height  as  the  latter,  but  the  leaves  are  mostly  narrow 
and  involute. 

Boutcloua  oligostachya,  Torr.  (Mesquite,  Grama-Grass,  "Buffalo- 
Grass''). — Is  not  called  mesquite  here.  Ihave  never  seen  true  buffalo- 
grass  in  Montana.  It  has  been  reported  from  severu-1  localities,  but  I 
have  not  seen  specimens.  The  grama-grass  equals  the  * '  blue- joints  "  in 
nutritive  qualities,  and  doubtless  covers  as  many  acres,  if  not  more, 
in  this  Territory!  rarely  growing  tall  enougli  to  be  cut  for  hay.  It  oc- 
curs sparingly  in  the  foot-hills,  but  on  the  open  plains  holds  its  own; 
often  18  inches  high,  where  growing  luxuriantly.  Leaves  mostly 
at  the  base,  very  numerous,  sliort  and  crisp,  inclined  to  be  curly. 
Average  height  of  the  plant  (culms)  as  it  grows  on  the  range  is  about 
8  inches.  The  plants  usually  grow  thickly  together  in  cushion-like 
patches,  and  so  form  a  more  or  less  dense  turf  according  to  the  nature 
of  the  soil.  In  many  parts  stock  subsist  almost  the  entire  year, 
mainly  on  this  species.  They  readily  fatten  upon  it,  even  in  winter. 
If  pastured  too  closely  for  several  years  by  sheep  it  loses  its  vitality 
and  boconios  very  sparse.  Improves  wonaerf  ully  in  size  when  grow- 
ing accidentally  in  cultivated  ground.  The  whole  plant  becomes 
stronger  and  more  robust;  the  culms  seems  to  be  more  leafy  and  at- 
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tain  a  height  of  fully  18  inches.  It  seems  to  me  that  if  properly  culti- 
vated this  grass  might  become  valuable  for  hay,  and  it  certainly  would 
make  excellent  pasture.  Although  most  abundant  on  the  benches, 
it  grows  well  in  fairly  moist  valleys,  but  too  much  wet  injures  it. 

Phragmites  communis,  Trin.  (Reed). — Common  along  streams  and 
in  marshy  ground  throughout.  Of  no  apparent  value  as  food  and 
usually  considered  useless.  In  England  and  on  the  Continent  in  some 
parts,  the  stems  are  much  used  for  thatching  the  roofs  of  farm-houses, 
Darns,  out-buildings,  and  stacks.  It  is  highlv  esteemed  for  this  pur- 
pose, making  a  durable,  water-proof  roof.  I  nave  seen  roofs  of  reeds 
over  a  hundred  years  old  in  good  repair;  of  course  spots  on  these 
roofs  had  been  rethatched  occasionally.  Reeds  might  be  used  here 
for  similar  purposes,  particularly  in  regions  where  lumber  is  dear 
and  shingles  a  luxury. 

Koeleria  cristata,  Pers.  ("Jun^  Grass"). — Like  the  grama  and 
"blue- joint"  grasses,  this  is  an  important  species  on  the  ranges  of 
Montana.  It  appears  to  be  most  abundant  in  the  central,  northern, 
and  eastern  parts.  It  is  not  confined  to  the  plains,  but  may  be  found 
frequently  on  high  mountain  ridges  in  company  with  Poa  Californica, 
P.  Cusickii,  and  P.  andina,  where  it  frequently  attains  a  ^owth  of 
2  feet  high;  whereas,  on  the  plains,  excepting  in  moist  situations, 
it  only  averages  about  a  foot  m  height.  It  begins  to  flower  towards 
the  end  of  May,  and  continues  till  about  the  end  of  June.  Grows  in 
tufts,  and  in  vigorous  mountain  specimens  these  tufts  are  developed 
into  small  bunches.  An  excellent  grass  in  every  respect  for  open 
pasture  and  for  hay. 

Eatonia  obtusata,  Gray,  var.  robiista,  Vasey.  (Eaton's  Grass). — 
A  good  grass,  occurring  most  abundantly  in  the  southern  parts. 
Rather  common  along  the  water-courses  of  Beaver  Head  and  Madi- 
son Counties.  Have  nqver  found  it  in  the  northern  part.  Very  fine 
specimens  in  my  herbarium  were  collected  by  Rev.  F.  D.  Kelsey  at 
Blue  Cloud,  near  Helena. 

Eragrostis  major,  Host. — Is  an  introduced  weed  chiefly  remark'a- 
ble  for  the  very  offensive  odor  it  emits,  and  even  leaves  upon  one's 
hands  after  handling  it,     Not  yet  common. 

Melica  spectahile,  Scribner  (Melic  Grass). — This  is  common  in  the 
mountains,  but  can  scarcely  be  considered  of  pastoral  value. 

Melica  bulbosa,  Geyer  (Bulbous  Melic  Grass). — Common  in  various 
parts  of  northern  Montana,  and  doubtless  occurs  throughout.  Never 
found  it  in  the  mountains.  It  grows  plentifully  in  Sand  Coulee,  5 
miles  from  Great  Falls.  Might  become  a  useful  hay^  grass  by  culti- 
vation. Culms  2  to  4  feet  high,  eaten  with  avidity  by  stock.  The 
bulbous  roots  contain  a  considerable  quantity  of  sugar. 

Distichlis  maritima,  Raf.  (Spike-Grass,  Salt-Grass,  *' Quack- 
Grass"). — Common,  especially  in  alkaline  soils.*  Grows  from  3 
inches  to  about  2  feet  high.  Leaves  very  prevalently  attacked  by  a 
rust.     Stock  seem  to  avoid  this  weed,  and  ranriimen  hate  it. 

Poa  tenuifolia,  Nutt.  '  (Meadow-Grass,  "Bunch-Grass,"  ** Red- 
top"). — A  finer  grass  for  cultivation  on  dry  plains  or  in  regions  sub- 
ject to  drought  can  not  be  found.  Grows  m  all  parts  of  the  Terri- 
tory, chiefly  on  the  high  benches.  But  it  also  grows  in  the  rich  val- 
leys, where  it  attains  a  good  height  and  yields  a  great  quantity  of 
superior  hay.  Commonly  associated  with  Koeleria  cristata.  As 
growing,  the  radical  tufts  of  the  two  species  have  a  very  similar  ap- 
pearance. 

Poa  IcBvis,  Vasey. — Reaches  a  height  upwards  of  2  feet.    Found 
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ohiefl^  along  streams  and  in  sprini^  looalities.    It  affords  a  valuable 
addition  to  the  pastoral  g^rasses  of  well-watered  regions. 

Poa  nemoraUSy  L. — Tms  naAs  lias  no  particular  nabitat.  It  is  fre- 
quently associated  with  P.  Tcsms,  Also  abundant  in  the  mountaina. 
La  1887 1  collected  very  fine  specimens  at  the  summit  of  Mount  Helena, 
where  cattle  and  horses  belonging  to  the  city  below  were  grazing  upon 
this  and  other  grasses  already  spoken  of. 

Poa  cenisia.  All. — Is  another  valuable  species  abundant  in  the 
mountains  and  foot-hills. 

Poa  CusichiL  Vasey,  P.  omMna.  Nutt,  and  P,  Coilif(^mioay  Vasey, 
are  commonly  found  together.  They  are  often  accompanied  by  Ko^ 
leria  cristaia  and  Fesluca  ovina.  These  species  growing  togetiier  form 
a  dense  turf  in  some  localities  in  the  f  oot-hUlB  and  on  the  mountain 
slopes  and  ridges.    The  amoimt  of  pasturage  they  afford  is  verv  great. 

Olyceria  arundinacea,  Kth.>  var.  aqwmca^  Smith  (Reed  Meadow 
Grass,  "Water-Grass"). — ^Very  common  throughout  in  low.  wet 
places;  often  growing  m  water.  Leafy  and  tall^  8  to  6  feet  nigh. 
Cows  delight  to  feed  m  a  patch  of  this  grass.  * 

Olyceria  pauciflora.  PresL — Occurs  in  many  localitiee,  but.  so  far 
as  I  have  observed,  chiefly  from  the  vicinity  of  Helena  souibward 
and  westward.    This  is  also  an  excjellent  spniBS. 

Olyceria  neroata,  Trin. — Is  to  be  foundeverywhere  in  situations 
moist  enough  for  its  growth,  tn  some  localities  It  contributes 
largely  to  the  native  forage. 

Olyceria  distans,  WahL — Common.  It  is  readily  eaten  by  stock* 
The  variety  airoides,  Vasey,  is  a  common  form  along  the  Sim  River 
Valley,  and  in  Cascade  County  generally. 

FestiLca  scdbreUa,  Torr.  ^Great  Bunch-Grass). — On  the  higher  foot- 
hills and  mountain  slopes  ihis  is  the  predominant  species.  Growing 
in  bunches  often  several  feet  in  diftmeter,  the  culms  rise  to  a  heigM 
of  3,  4,  and  even  5  feet.  In  July  and  August  this  grass  is  cut  for 
hay.  Although  it  is  good  for  this  purpose,  it  is  considered  not 
nearly  so  good  as  **  blue- joint. ^'  It  is  one  of  our  most  importuit  and 
characteristic  mountain  and  foot-hills  forage  plants. 

Festiica  ovina,  L.  (Sheep's  Fescue.  Leseer  Bunch-Grass). — ^This 
grows  with  the  last  on  the  foot-hills,  out  extends  to  a  much  lower 
altitude.  Very  variable.  May  be  f oimd  from  a  few  inches  with  only 
one  or  two  culms,  up  to  more  than  3  feet  hieh  with  very  many  slen- 
der culms  and  leaves,  forming  dense,  thick  bunches.  This  species  is 
the  equal  if  not  the  superior  of  the  great  bimch-graas,  and  has  the 
advantage  of  being  equally  as  palatable  to  sheep  as  it  is  to  horses  and 
cattle.    Makes  s^lencud  hay. 

Bromus  Kalmii,  Gray,  B.  breviaristatuSy  Thurb.,  and  B.  ciliatus 
are  all  common';  the  first  two  in  the  moimtams,  where  they  sometimes 
form  large  meadows.  They  are  then  a  beautiful,  luxuriant  sight; 
but  stock  do  not  seem  to  care  for  any  of  these  grasses.  I  never  saw 
them  cut  for  hav. 

Agropyrum  glaucum,  R.  and  S.  ("Blue-joint,"  "Blue-stem"). — 
This  is  the  celebrated  "blue- joint "  of  the  Northwest.  More  valued 
for  liay  than  any  other  species,  and  its  yield  per  acre  under  favorable 
conditions  is  something  remarkable,  viz,  over  3  tons.  It  often  yields 
2  tons,  and  under  the  most  ordinary  conditions  yields  over  a  ton. 
These  crops  are  secured  on  native,  imcultivated  sod. 

Agropyrum  divergens  is  perhaps  the  next  in  general  value.  It 
grows  m  bunches,  and  for  tnat  reason  has  received  the  customary 
popular  name  of  "bunch-grass."    Sometimes  attains  a  height  of 
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nivirly  4  ftn^t.  Most  luxuriant  in  the  lower  foot-hills,  but  is  common 
on  th'o  n>okv  bluffs  and  knolls  of  the  plains,  freauently  occurring 
with  Aristiihi  pHnmrea,  The  culms,  though  slenaer,  are  very  stiff 
and  brittlo.  btivk  avoid  this  grass  in  summer,  but  in  winter  in  cer- 
tain hvalitios  it  is  thoir  chief  support;  hence  it  is  considered  an  ex- 
ooUont  siHvios  for  winter  ranges.    Even  sheep  eat  it  then. 

l.>thor  spivios  more  or  less  "abundant  are  A.  canininn,  Reich.,  A, 
rU^iictum,  A.  njH^ns,  Beauv.,  and  A.  ttnenim,  Vasey.  The  last  is 
of  oonsidorablo  import<inoe  in  some  parts. 

HonUum  jubatum,  L.  (Foxtail  Grass,  Squirrel-tail  Grass). — 
ThrvHighout/mostlv  growing  in  waste  places.     Very  variable;  some 


By  the  last  nan\o  it  is  ohiotlv  known  here.  It  is  of  no  great  value, 
btit  alniudaut  thn^nighout  along  streams,  in  bottoms,  and  up  steep 
ivuliv  sidos.  Four  to  S  foot  or  more  high.  The  coarse  stems,  like 
thv>so  ot  /^^r\!j:'::,v>'  .•/"•«■  "::4"nV<.  would  make  a  irooil  thr.tch.  Ooca- 
sionallv  out  for  hav.  Mus:  Ve  ou:  vour.c  or  sto^'k  will  hardlv  eat  it. 
V\\i  too  Iov.a:  a:  a  time  to  horses  i:  causes  them  to  "  scour." 

Several  o:V.ov  s^yvies  vX*our,  bu:  they  are  c:  ove::  less  value  than 
this.  f.'.  ,v::.:';:\^*:,  Sv'hul:,,  in  so:r.e  o:  the  southern  localities  is  al- 
mv>s:  as  crta:  a  nuisav.oe  as  W.  -  f: :.   :    :.:\: 


-  •  • 


CV^NVl.ri^INu   KRMAKKS, 

It  will  S^  s^-or.  :r.  :v.  the  fore*r:'::ic  r.otes  :h-A:  i[.^:.:a:ia  is  blessed 
with  a  creAt  \-Hric:v  o:  :iu:ri:i.^::s  ^rtisses  adsi^tevl  :o  al*.  kir.ds  and 

^  ■•«rf«^  -«■««»•        .--■<.«.         «.«,*-*««^        '^*«       ..•■«»biw  «.  «.  ■.^•^■■•^        «  r^     -1^  —  V  fc    Mi"&  'i«   •    ^.r^ 

»  »  »  ^    .  ^^  a  «  ,«'«~^ 

■  «  ^        ■  «_  V  •  mm 

.^    ..      -.^,.    •   ...       -\v-  ,  .—    -"*^     --  — ---',*-« -«      <    ^ .,-,     ^  .'i'V-5 

v"  ri* ;'  t        ^t "- . .    .".  "L  •■  J". :  T    AT*-."  *  r.  :■    Z  .':'.  > .    ."I    >-J^  *•  ■.  T'A .  >  VnV  *  -."  S  V  TV*.".  .*  1V.*.Il;i'  111,3. 

V......       v«...    x.^.. ..•••.   ^  •  ^  ^       ^      ^^.  ,..-..>..  ... .    ,  .^.^^ . 

'— '  -  v.-f.*.-— ..-■ — '■^■■<    v "v-"    '■    i  '■■"<  •  " -■     .......    ^,.  >  . .  .^    .,.^.    _  /.  , 

'  -   -  ^    •   -  *         •    ..    -       'V  ^    .^-    '■■•'-'  \    1  •:  .-/■■•*■       >:    X       -   -  -    X- 

...  . 

.......  ..T"^  * 


V,?  T'.V^K  S  AT*;'   V.  r  . 

V"".  "*■■■  X  *  ^  '*' 


V      ...    -  ■ 


i.^.       ,....  »•  .         ....  ....  ..        .-         *.     ^«        -•.*—-  .........  ...  ^  ...« 


."*>    .  •.  •. 


..     :  ,.-^..T-  V:::. 


r.;  ivss*.  7*;..  T*. >.  -^,^:^  .:  1-1. >  _:rr.".r 


Fig.  1.  Reimaria  ouoostachv*. 


FlQ.  2,  PaSPALUM  VAfllHATUM. 


-VmSOwilite. 


PABPALUM  DISTICHUM. 


RapcHi  ot  111.  Boa.'.iT.  U.  S 


ir.iis^dn.4^. 


SEr*niA  viR'Dis  (Green  FoxtaiU 


Depiitmanlof  »glioulW 


Report  of  the  Botamst,  U.  S.  Department  of  Agriculture,  1868. 


Plate  V. 


WH^Sehda.dek 


9b 


Beckmannia  eruC/Cformis  (Slouqh  QRA8S>. 


H,port  o1    \ha  Bouniil,  U.  5.  OtpirtiT.nl  0(  Aglicu 


,  antmenantia  rufa. 


AMPHICMPUM  PUR8HU. 


Leersia  ViRGiNiCA  'Rice -GRASS I,' 


R*port  of  Ui*  ei>un;it,  u 


Ref>OT\o5  \V\c  Botanist,  U.  S.  Department  of  Agriculture,  1888. 


PU 


la. 


(L 


6 


as 


h     ' 


F    W.  Anderson,  dei.  ad  nat. 

Plantago  Patagonica,  Jacq.  (Western  Plantain). 

Kigs.  1  to  6  greatly  enlarged. 
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REPORT   OF   THE    SECTION  OF  VEGETABLE 

PATHOLOGY. 


Sir:  Having  been  appointed  Chief  of  the  Section  of  Vegetable 
Pathology  on  the  1st  of  November,  1888,  I  have  the  honor  to  present 
herewith  my  first  report. 

During  the  past  year,  and  since  the  publication  of  the  Annual  Re- 
port for  1887,  the  Section  has  issued  four  bulletins  as  follows; 

Bulletin  No.  5  on  the  experiments  made  in  1887  in  the  treatment  of 
the  downy  mildew  and  black-rot  of  the  grape-vine,  together  with 
a  chapter  on  apparatus  for  applying  remedies  for  these  diseases. 
This  bulletin  was  issued  early  in  May,  1888,  and  contains  113  pages, 
and  24  illustrations.  The  first  36  pages  embody  the  reports  of  four 
special  agents,  who,  under  the  direction  of  the  Section,  and  with 
your  sanction,  conducted  a  series  of  experiments  at  Vineland,  N.  J. ; 
Charlottesville,  Va. ;  Neosho,  Mo. ;  and  Denison,  Tex.  Part  II  of 
the  Bulletin  contains  the  reports  of  more  than  200  graj^e-^rowers 
who  experimented  with  the  sulphate  of  copper  remedies,  while  Part 
III  embodies  the  results  of  observations  made  in  1887  in  the  treatment 
of  the  downy  mildew  in  France. 

Bulletin  No.  7  on  the  history  and  progress  of  black-rot  of  grapes 
in  America  is  for  the  most  part  a  translation  of  a  paper  by  Viala  & 
Ravaz,  of  Montx3ellier,  France,*  and  embodies  the  results  of  observa- 
tions* made  in  this  country  in  1887  by  P.  Viala  and  F.  L.  Scribner. 

Bulletin  No.  8  relating  to  some  of  the  practical  work  of  the  Section, 
including  papers  on  potato-scab,  foot-rot  of  the  orange,  extracts  from 
correspondeHcc,  etc.,  was  issued  as  a  joint  publication  with  one  of  a 
similar  nature  prepared  by  Dr.  George  Vasey^  Chief  of  the  Botanical 
Division. 

Bulletin  No.  0  on  peach  yellows,  embodying  the  results  of  investi- 
gations made  by  Erwin  F*.  Smith,  a  special  agent  appointed  for  this 
work,  contains  200  pages,  9  colored  maps,  6  lithograpnic  and  37  photo- 
engra\-e(l  plates.  A  short  abstract  oi  this  bulletin  will  be  found  in 
tlio  accompanying  pages  of  this  report. 

The  correspondence  of  the  Section  is  constantly  increasing,  and  as 
it  is  a  most  important  mean?^  of  disseminating  useful  information 
every  eiTort  is  made  to  give  ii>  the  attention  it  aeserves. 

During  tlie  year  manvnew  and  valuable  additions  have  boeir  made 
to  the  herl)arium,  and  tlie  number  of  permanent  microscopic  mounts 
of  fungi  has  also  been  materially  increased. 

Since  the  middle  of  July  Mr.  F.  W.  Anderson,  a  special  agent  of 
the  Section,  has  been  at  work  in  Montana  collecting  specimens  and 

*Extrait  du  Progress  Agricole  et  Viticole,  Sept.,  1888. 
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making  observations  on  the  fungi  of  that  region.  In  this  work  par- 
ticular attention  has  been  given  to  the  fungi  of  grasses,  and  arrange- 
ments have  been  made  for  distributing  tliese  among  the  various  Agri- 
cultural Colleges  and  Experiment  Stations. 

The  following  report,  prepared  at  my  request  by  Mr.  Anderson, 
shows  the  nature  of  the  work  in  which  he  is  engaged. 

Report  of  F.  W.  Anderson. 

From  the  middle  of  July,  1888,  to  the  close  of  the  collecting  Reason,  I  was  actively 
engaged  in  collecting  specimens  of  ^)hanerogams  and  fungi  for  the  Botanical  Di- 
vision, and  during  that  time  several  important  pai'ts  of  the  Territory  were  visited. 
More  special  attention  was  given  to  the  parasitic  fungi  tlian  to  any  other  part  of  the 
work.  In  fact,  enough  has  been  done  in  this  line  to  justify  the  publication  of  a 
"  Preliminary  List  of  the  Parasitic  Fungi  of  Montana." 

In  the  prosecution  of  this  work  it  has  been  my  constant  effort  to  leam  as  much  as 
possible  of  the  economic  importance  of  every  species  found — the  relation  borne  bj 
the  fungus  to  its  host  and  l)y  the  host  to  the  lower  animals  and  to  man.  In  this 
way  I  have  been  able  to  make  at  least  a  few  notes  worthy  of  careful  consideration 
by  Experiment  Station  authorities  as  well  as  by  those  who  make  farming  their  occu- 
pation. 

In  the  list  of  fungi,  which  at  tliis  writing  is  not  yet  completed,  there  will  be  over 
200  si)ecie8  enumerated,  nearly  a  dozen  of  which  are  new  to  science.  One  I  would 
call  special  attention  to  here  is  a  new  Ustilago,  or  smut,  on  Muhlenhergia^  called 
by  Messrs.  Ellis  and  Holway,  who  described  it  in  the  Journal  of  Mycology,  Ustilago 
Montaniejma,  This  fungus  is  very  common  here  and  causes  most  wretched  changes 
in  the  panicles  of  the  host.  As  soon  as  the  grass  is  old  enough  to  develop  the  first 
head  or  spike,  the  fungus  has  already  matured  ;  and  as  the  erass  shoots  up,  devel- 
oping its  numerous  spikes,  each  one  m  an  affected  plant  will  be  found  completcdy 
filled  by  the  black-looking  spores  of  the  Ustilago.  It  would  seem  from  this  that 
the  spores  grow  within  the  tissue  of  the  host  while  it  is  very  young,  and  in  their 
own  development  keep  pace  with  that  of  the  host. 

With  tlie  list  will  oe  figures  of  the  new  species  and  as  full  notes  as  I  have 
been  able  to  collect  about  each.  In  Montana  a  collector  of  parasitic  fungi  can  not 
fail  to  be  impressed  by  the  great  comparative  number  of  species  representing 
the  Uredinecp,  or  rusts.  They  are  to  be  found  everywhere  in  one  stage  or  another; 
on  the  tops  of  the  highest  mountains;  on  the  driest  or  plains  and  in  the  most  moist  of 
valleys.  Fortimately  for  growing  vegetation,  most  of  the  species  are  apparently 
harmless,  causing  no  injury  to  living  tissue  removed  from  actual  contact  with  them. 

In  concluding  this  brief  note  I  would  express  my  thanks  to  my  friend,  the  Rev. 
F.  D.  Kelsey,  of  Helena,  Mont.,  for  the  many  valuable  notes  and  specimens  of 
fungi  and  other  plants  he  has  sent  me  from  time  to  time  as  well  as  for  his  open 
hospitality  and  the  freedom  of  his  valuable  collection  of  Montana  plants,  whenever 
it  has  been  my  good  fortune  to  work  in  his  locality. 

F.  W.  Anderson, 

Special  Agent, 

B.  T.  Galloway, 

Chief  of  Section, 


A.— EXPERIMENTS  IN  THE    TREATMENT    OF    GRAPE-VINE    DISEASES 

MADE  IN  1888. 

[Extracts  from  reports  of  special  agents  and  others.] 

As  heretofore  extensive  experiments  in  the  treatment  of  the  fun- 
gous diseases  of  the  vine  have  been  conducted  by  special  agents  lo- 
cated in  New  Jersey,  Virginia,  and  Missoui'i,  as  well  as  by  private 
individuals  in  nearly  every  State  in  the  Union.  The  information  ac- 
quired through  those  will  form  the  basis  of  a  special  report  soon  to 
be  published.  As  the  edition  of  this  bulletin  will  be  comparatively 
limited,  the  following  extracts  from  a  few  of  the  more  important  re- 
ports are  here  given. 
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On  May  5,  1888,  the  following  letter  was  sent  to  each  of  the  special 
agents,  and  at  the  same  time  a  circular,  which  is  given  in  full  below, 
was  distributed  among  grape-growers  with  the  request  that  they  fol- 
low the  instructions  contained  therein. 

I.-L?:TTER  of  INSTRUCmON  TO  AGENTS. 

Dear  Sir  :  I  send  lierewith  several  formulas  to  be  used  in  the  treatment  of  vine 
rliBoiisoH.  I  dcaire  the  exi^riments  to  be  conducted  in  a  manner  similar  to  those  of 
last  year,  of  course  making  such  changes  in  detail  as  former  experience  has  made 
nocertsary. 

The  remedies  to  be  experimented  with  are  eau  celeste,  Bordeaux  mixture,  and  sul- 
phatine. 

1.  Eau  Celeste,  Audoynaud  Process: 

Dissolve  1  pound  of  sulphate  of  copper  in  2  gallons  of  hot  water;  when  completely 
dissolved  and  tlie  water  lias  cooled,  add  U  pints  of  commercial  ammonia  (strength 
22  Baume);  when  reudy  to  use  dilute  to  22  gallons.  The  concentrated  liquid  should 
be  kept  in  a  keg  or  some  wooden,  earthen,  or  glass  vessel. 

2.  Eau  Celeste,  Modified  Formula: 

Sulj)hate  of  copper pounds . .     2 

Carlx)nate  of  soda do. ...     2i 


Ammonia  (22°  Bamne) pints. .     li 

.gail< 


Water Rallons. .  23' 


Dissolve  the  sulpliate  of  copper  in  2  gallons  of  hot  water;  in  another  vessel  dissolve 
the  carbonate  of  soda  in  a  similar  manner;  mix  the  two  solutions,  and  when  all 
chemical  reaction  has  ceased  add  the  ammonia;  then  dilute  to  22  gallons. 

3.  Bordeaux  Mixture: 

Sulphate  of  copper pounds. .     6 

Lime  do. ...     4 

Water gallons . .  22 

Dissolve  the  copper  in  16  gallons  of  water;  in  another  vessel  slake  the  lime  in  6 
gallons  of  water;  when  the  latter  mixture  has  cooled  pour  it  slowly  into  the  copper 
solution,  care  being  taken  to  mix  the  fluids  thoroughly  by  constant  stirring. 

4.  Sulphatine,  the  Est^ve  Process: 

Mix  2  pounds  of  anhydrous  sulphate  of  copper  with  20  pounds  of  flowers  of  sul- 
phur and  2  pounds  of  air-slaked  lime.    The  proportions  may  be  varied. 
Respectfully, 

Norman  J.  Colman, 
Commissioner  of  Agriculture, 

11-  circular  distributed  among  grape-growers. 

[United  StaU'ii  Dei)artinent  of  Agriculture.    Section  of  Vegetable  Pathology.] 

Treatment  of  the  downy  mildew  and  black-rot  of  the  graxK, 

To  the  Vinct/arditftH  of  the  Country  : 

Tlie  results  of  experiments  in  1887  have  fully  demonstrated  the  value  of  suluhato 
of  cop})er  (blue-stone)  over  all  other  remedies  in  combating  the  mildew,  ana  the 
results  of  many  chemical  analyse.s  of  the  fruit  and  parts  Of  vines  treated  with  cop- 
])or  compounds  have  clearly  shown  that  there  is  no  danger  to  health  attending  then* 
api  )li<  -ation.  The  only  precaution  advised  is  not  to  apply  them  near  the  time  (within 
flfteen  days)  of  the  vintage. 

In  their  eni})l()yjnent  the  fact  must  be  kept  in  mind  that  their  action  is  only  pre- 
ventive, therefore  their  api)lication  should  be  made  earlv  in  the  season,  from  the 
latter  part  of  May  to  the  end  of  June.  Sub8e(j|uent  applications  act  only  in  so  far 
as  tliey  serve  to  check  the  si)read  of  the  disease.  The  amount  of  the  fluid  compounds 
re({uired  to  treat  an  acre  of  vines  will  depend  largely  upon  the  kind  of  pump  and 
spraying  nozzle  used  to  supply  them,  and  upon  the  extent  of  growth  of  the  vines 
tnemselves;  the  amount  may  vary  from  20  to  85  gallons. 
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The  following  are  the  formulae  of  the  remedies  which  so  far  have  given  the  best 
results.  An  account  of  the  results  of  trials  you  may  make  with  one  or  more  of 
them  is  earnestly  desired,  and  a  blank  form  for  making  up  a  rep>ort  for  the  use  of 
the  Department  in  future  publications  will  be  sent  you  upon  the  receipt  of  the  ad- 
dressed x)ostal  card  inclosed  herewith. 

Liquid  remedies, 

(1)  Simple  solution  of  sulphate  of  copper. — Dissolve  1  pound  of  sulphate  of  copper 
in  25  gallons  of  water.  Spray  the  vmes  with  a  convenient  force-pump  having  a 
nozzle  of  fine  aperture.  Less  lasting  in  its  effects  than  the  next,  as  it  is  easily 
washed  off  bv  rains. 

(8)  Eau  cetestey  blue-uxtter  (the  Audoynaud  process), — Dissolve  1  pound  of  sul- 
phate of  copper  in  3  or  4  gallons  of  warm  water;  when  completely  dissolved  and  the 
water  has  cooled,  add  1  pint  of  liquid  ammonia;  then  dilute  to  23  gallons.  Tlie 
concentrated  liquid  should  be  kept  in  a  keg  or  some  wooden  vessel  and  diluted 
when  required  for  use.     Apply  the  same  as  in  case  of  simple  solutions. 

(3)  Eau  celeste,  modified  formula : 

Sulphate  of  copper pounds. .     3 

Caroonate  of  soda do 3i 

Ammonia  (22^  Baume) pints. .     li 

Water gallons. .  22 

Dissolve  the  sulphate  of  copper  in  2  gallons  of  hot  water;  in  another  vessel  dis- 
solve the  carbonate  of  soda  in  a  similar  manner:  mix  the  two  solutions,  and  when 
all  chemical  reaction  has  ceased  add  the  ammonia;  then  dilute  to  28  gallons. 

(4)  Bordeaux  mixture. — Dissolve  6  pounds  of  sulphate  of  copper  in  16  gallons  of 
water;  in  another  vessel  slake  4  pounds  of  lime  in  6  gallons  of  water.  When  the 
latter  mixture  has  cooled  pour  it  slowly  into  the  copper  solution,  care  being  taken 
to  mix  the  fluids  thoroughly  by  constant  stirring.  Well  made  pumps  with  specially 
constructed  nozzles  are  required  for  the  application  of  this  compound.  Tne  Ver- 
morel  apparatus  and  ftie  Eureka  sprayer  are  well  adapted  for  vineyard  use,  and 
are  especially  constructed  for  applying  the  various  liquid  preparations  containing 
sulphate  of  copper. 

Poiaders, 

(5)  StdpJiatine,  the  Esteve  process, — Mix  2  pounds  of  anhydrous  sulphate  of  cop- 
per with  20  pounds  of  flowers  of  sulphur  and  2  pounds  of  air-slakea  lime.  The 
proportions  may  be  varied. 

(6)  David's  poivder, — Dissolve  4  pounds  of  sulphate  of  copper  in  the  least  possible 
amount  of  hot  water,  and  slake  16  pounds  6f  lime  with  tiie  smallest  quantity  of 
water  required.  When  the  copper  solution  and  slaked  lime  are  completely  cooled 
mix  them  together  thoroughly;  let  the  comjwund  dry  in  the  sim;  crush  and  sift. 
Apply  with  a  sulphuring  bellows  furnished  with  an  outside  receptacle  for  the 
powder.     The  copper  coming  in  contact  with  the  leather  will  soon  destroy  it. 

Both  these  iwwders  ought  to  be  procured  from  the  manufacturer  prepared  ready 
for  use. 

m.— EXPERIMENTS  AT  VINELAND,  N.  J. 

The  experiments  were  conducted  at  this  place  by  Col.  A.  W.  Pear- 
son, and  the  vines  treated  were  of  the  Concord  variety.  The  applica- 
tions were  made  with  the  Eureka  sprayer  and  the  Riley  cyclone 
nozzle,  May  29,  Juno  14,  June  21,  July  2,  July  11,  and  Aiigust  8. 
Black-rot  appeai'ed  on  the  leaves  of  the  untreated  vines  on  June  2 
and  on  the  fruit  of  the  same  vines  June  27.  Rain  and  fog  were  fre- 
quent dui'ing  July,  and  by  flie  last  of  the  month  all  Concord  grapes 
unprotected  were  totally  destroyed.  There  was  also  considerable  rot 
on  tlie  treated  vines.  Throughout  the  season  the  rot  continued,  only 
ceasing  when  there  were  no  more  grapes  to  rot.  Downy  mildew 
(Peronospora  viticola)  first  appeared  epidemically  about  August  10, 
but  as  the  season  was  cool  and  moist  it  occasioned  no  serious  iniury. 

Concerning  ihe  efficacy  of  the  remedies  for  black-rot  Colonel 
Pearson  concludes  his  report  as  follows: 

On  the  untreated  vines  the  grapes  are  almost  totally  destroyed.  One  or  two 
sound  berries  may  bo  found  remainmg  on  a  few  clusters,  out  at  least  nine-tenths  of 
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the  bunches  show  only  a  mass  of  dried  and  shriveled  victims  of  the  disease.  On 
aJl  the  vines  treated  with  the  remedies  prevention  of  rot  is  perceptible,  but  on  none 
of  them  is  it  strikingly  so,  except  on  those  sprayed  with  the  Bordeaux  mixture. 
Here,  the  treated  rows  have  many  nearly  perfect  clusters,  which  show  but  one  or 
two  rotted  berries  each.  Where  grape  clusters  were  wet  with  the  Bordeaux. mix- 
ture early  and  often  they  were  saved  from  rot.  Where  not  thus  sprayed  they  were 
entirely  destroyed.  Tlie  following  table  shows  the  yield  of  a  number  of  treated  and 
untreated  vines;  the  berries  in  all  cases  were  gathered  from  adjacent  rows  and  care- 
fully weighed : 


Description. 

Yield  of 
grapes. 

1 

Description. 

Yield  of 
grapes. 

Section  8 : 

13  vines  treated  witii  Bordeaux  mix- 
ture   

13  vines  untreated 

Pounds. 
80 

2 

Section  5 : 

14  vines  treated  with  eau  celeste 

No.  2 

14  vines  untreated 

Pounds. 

14 
4 

Section  4 : 

13  vines  treated  with  eau  celeste 

No.  1 

13  vines  untreated    

Section  6 : 

25  vines  treated  with  sulphatine  . . . 
25  vines  untreated 

20 
4 

The  following  experiments  made  bv  Colonel  Pearson  are  interest- 
ing, as  they  show  conclusively  that  tte  rot  can  be  prevented  by  the 
Bordeaux  mixture: 

In  a  vineyard  untreated  by  rot  preventives  I  applied  several  thousand  grape  Imgs, 
beginning  before  the  grapes  bloomed.  On  successive  rows  of  Concords  I  put  200 
bags  every  day  (dating  the  bags),  beginning  before  the  vines  were  in  blossom,  and 
continuing  until  grape-rot  appeared  epidemically.  On  July  30  the  bagged  grapes 
were  inspected,  and  m  the  bags  applied  until  June  22,  inclusive,  it  was  found  that 
they  were  generally  free  from  rot,  while  those  bagged  on  June  23  and  subse- 
quently were  badly  rotted. 

This* experiment  indicates  that  the  invasion  of  the  disease  occurred  seriously  after 
June  22,  a.  m.,  when  the  bags  for  that  day  were  appUed,  and  before  June  23,  ai.  m., 
when  the  bags  for  tliat  day  were  put  on. 

On  June  28,  p.  m.,  was  a  thimder-storm  and  shght  spatter  of  rain.  If  this  rain 
had  come  before  the  grapes  were  bagged  on  June  23,  the  invasion  of  the  rot  might 
be  accounted  for  at  that  date  througli  the  supervention  of  the  rain.  But  the  grapes 
were  bagged  in  the  morning,  during  intense  heat  and  drought,  and  the  rain  was  not 
until  afternoon. 

Extended  inspection  of  these  bagged  grapes  made,  recently  disco  vers  the  interest- 
ing fact  tliat  the  infection  of  black-rot  may  enter  the  grape  before  it  blossoms. 
The  clusters  bagged  early  are  generally  safe  from  rot,  but  there  is  occasionally  seen 
in  them  one  or  two  berries  destroyed  by  the  first  invasion  of  the  fungus.  There  is 
just  enough  evidence  to  prove  that  the  infection  probably  occurred  as  stated. 

After  removing  bags  from  grape  clusters  on  August  1, 1  tried  if  tliese  might  be 
protected  from  rot  during  the  rest  of  the  season  by  an  application  of  the  Bordeaux 
mixturo  on  August  4. 

It  was  raining  at  the  time  the  bags  were  taken  oflf  on  August  1 ;  a  few  rotted  grapes 
appeared  on  these  clusters  on  August  12. 

I  then  took  the  bags  from  many  clusters  and  sprayed  these  immediately  with  the 
Bordeaux  mixture.  At  the  same  time  I  left  some  clusters  (from  which  the  bags 
were  removed)  uns]>rayed.  The  latter  showed  in  a  few  days  the  spots  indicative 
of  infection  by  the  rot  germs;  the  foi*mer  remain  healthy  and  are  now  (September 
24)  ripe. 

IV.-EXPERIMENTS  AT  NEOSHO,  MO. 

The  experiments  in  Missouri  were  conducted  at  Neosho  by  Mr. 
Hermann  Jaeger.  The  first  applications  of  eau  celeste,  Boraeaux 
mixture,  and  sulphatine  were  made  from  May  1  to  May  10.  The  sec- 
ond applications  were  made  from  June  4  to  tfune  10.  Black-rot  first 
appeared  on  the  foliage  of  both  treated  and  untreated  vines — but  less 
on  the  former — on  June  8.  June  12  to  15  a  third  application  with  the 
same  remedies  as  before  was  made,  care  being  taken  to  thoroughly 
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spray  all  the  fruit;  June  23,  a  fourth  application  was  made.  On 
July  1  a  thorough  examination  of  all  grapes  was  made  and  it  was 
found  that  Martha,  Concord,  Telegraph,  Gcethe,  and  other  Labrusca 
and  European  hybrids  had  from  80  to  40  per  cent,  of  their  fruit  de- 
stroyed by  black-rot  on  all  untreated  vines.  The  same  varieties 
treated  with  eau  celeste  had  from  20  to  30  per  cent,  of  their  fruit;  de- 
stroyed, while  those  treated  with  Bordeaux  mixture  had  hardly  15 
per  cent,  destroyed.  Ten  vines  thoroughly  sprayed  with  the  Bor- 
deaux mixture  on  the  23d  of  June  had  not  lost  over  8  per  cent,  of 
their  fruit  from  rot.  On  August  1  all  the  vines  were  examined  and 
the  following  table  was  prepared  : 


Variety. 


Perkins 

IveH 

Martha 

Concord  

Catawba 

Telegraph 

North  Cfarolina 

Delaware 

Herbemont  . . . 

Qoethe 

Elvira 

Uhland 


Per  cent,  destroyed  by 
black-rot. 


JZ5 


1 
2 

40 
50 
55 
06 
75 
30 
75 
70 


IP 


20 


.8 


1 

1.5} 
30  ' 
35  ; 
40 
55 
70 
18 


00 
15 


.6 


1 
20 
25 
85 


.5 


05 

8 

70 

00 


.3 


Variety. 


Noah 

Missouri  KiesUng  . . . 

Hermann 

Norton    

Neoslio 

Linceumii  No.  9 

Racine 

Linceumii  Nos.  18, 43 
JEst.  X  Rupestris  tO. 
Rupestris  type 

Average 


Per  cent,  destroyed  by 
blaok-rot. 


80 

1. 
40 

• 

5 
75 
00 
0 
2 
0 


SO 


.8 


£0 
0 
2 
0 


81.7 


18.8 


9 
8. 


1  6 
95* 


.3 

i 
.1 


40 
0 
1 
0 


16.8 


From  August  25  to  August  30  all  vines  were  again  treated.  On 
September  10  the  vines  were  again  examined,  but  as  the  earlier  va- 
rieties had  been  gathered,  a  comparison  could  only  be  made  between 
the  late  grapes,  which  were  of  the  -^stivalis  species;  these,  however, 
on  both  treated  and  untreated  vines,  were  quite  as  sound  as  when 
examined  the  month  before. 

Concerning  the  efficacy  of  the  copper  remedies  for  downy  mildew 
{Peronospora  viticola)  Mr.  Jaeger  says: 

There  is  no  doubt  that  Elvira,  Delaware,  and  all  vines  that  are  usually  seriously 
damaged  by  mildew  here  were  greatly  benefited  by  the  remedies,  and  their  vigorous 
growwi,  matured  to  the  tips,  promises  a  better  drop  next  season  than  ever  before. 

Mr.  Jaeger  concludes  his  report  as  follows; 

With  these  remedies  (especially  the  Bordeaux  mixture)  applied  early  and  often, 
we  can  certainly  reduce  the  ravages  of  black-rot,  and  it  is  quite  possible  that  we 
may  yet  qucceed  in  preventing  it  with  as  much  certainty  as  mildew. 

V.-EXPERIMENTS  AT  CHARLOTTESVILLE,  VA. 

Mr.  H.  L.  Lyman  conducted  the  experiments  at  Charlottesville, 
using  nine  different  remedies,  as  follows: 

1.  Sulphatine: 

Anhydrous  sulphate  of  copper pounds. .     2 

Flowers  of  sulphur do 20 

Air-slaked  lime do 2 

2.  Bordeaux  mixture  (a): 

Sulphate  of  copper pounds. .     8 

Lime do. ...  10 

Water gallons. .  20 
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3.  Bordeaux  mixture  (b): 

Sulphate  of  copi^er pounds. .     6 

Lime do. ...    4 

Water gallons. .  20 

4.  Eau  celeste  (a): 

Sulphate  of  copper pound. .     1 

Ammonia pint. .     1 

Water gallons. .  22 

5.  Eau  celeste  (b): 

Sulphate  of  copper pound. .     1 

Ammonia pint. .     1 

Water gallons. .  44 

6.  Eau  celeste,  with  carbonate  of  soda  (c): 

Sulphate  of  copper pounds. .    2 

Caroonate  of  soda do. ...     1 

Water gallons. .  44 

7.  Eau  celeste,  with  carbonate  of  soda  (d): 

Sulphate  of  copper pounds. .    2 

Carbonate  of  soda do. ...    2 

Water gallons. .  22 

8.  Eau  celeste,  with  carbonate  of  soda  (e): 

Sulnliate  of  copper poimds. .     4 

Carbonate  of  soda do. ...     8 

Water gallons. .  22 

9.  Ammoniacal  carbonate  of  copper  solution: 

Carbonate  of  copixu* ounces. .     3 

Liquid  ammonia quart . .     1 

Water : gallons. .  22 

Excepting  No.  1,  which  was  purchased  ready  for  use,  the  foregoing 
preparations  were  prepared  in  the  usual  manner,*  and  were  applied 
with  the  Vermorel  and  Eureka  sprayers. 

Tlie  following  table  shows  the  results  of  the  treatments  as  indi- 
cated at  the  time  the  fruit  was  gathered: 


Prt'pari- 

When  applied. 

No.  cf 

vines 

treated. 

TppAted  vines. 
Loss  from— 

Untreated  vines. 
Loss  from— 

May.   Maj'.    June*.    June.  July. 

Aug. 

Mildew. 

Black-rot 

Mildew. 

Black-rot 

No.  1  ... . 
No.  t3      . . 
No.  3  . . . . 
No.  4  ... . 
No.  5  . . . 
No.  0  . . . . 
No.  7  ... . 
No.  8  ... . 
No.  9  ... . 

11         31 

11    

n    

IS    

^H    

2\  ■ 

',M     

21  ' 

^i 

24 
2 
2 

5 
f) 
5 
5 
3 
18 



22 

20 
5 
5 

18 
10 
10 
10 
10 

1 


"9 

142 
138 
143 
142 
273 
282 
139 
146 
187 

None 

. .  do 

Very  little. 

..  .do 

...do 

None 

...do 

...do 

...do 

Percent. 

15 

6  to  10 

10  to  12 

5 

10  to  18 

5to   8 

3to   6 

8to   5 

aoto25 

Heavy 

...do 

Very  little. 
Heavy — 

. . .  do 

Consid'ble. 

...do 

...do 

...do 

Percent. 
25  to  30 
CO  to  66 

38ito60 
40  to  45 
18  to  90 
15  to  90 
15  to  20 
60toe0 

Varieties  treated. 


No.  1.  Wildinj2:.  Etta.  Groin's  Golden,  Missouri  Riesling,  Uhland»  Empire  State 
Lulit'.  Triumpli.  Marion,  Rebecca,  Montefiore. 

No.  2.  Roarer's Hyhiid.s,  Ricketts.  Grein's  Seedlings,  Concord,  Moore's  Early,  Cot- 
ta«j:o,  Wordcn.  Delaware,  Lady  Pocklington.  Jefferson,  Montgomery,  Ives,  Hartford, 
Wyominj^:  R<»d,  VorKt'nnos,  Duchess,  Prentiss,  Martha. 

No.  4.  Catawba.  Elvira,  Bacchus,  Goethe,  Delaware,  Lindley,  Lady  Washington, 
Salem.  Martha. 

No.  .*).  Cottai^o.  Lindley,  Black  Eagle,  Norton's  Virginia. 

No.  0.  Nin'toiiV  Vir.i;inia. 

No.  7.  Norton's  Virginia. 

No.  8.   Norton's  Virginia. 

No.  9.  Catawba. 


•"  Seepage  328. 
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Black-rot  first  appeared  on  the  Labrusca  and  Vinif  era  hybrids  June 
11,  and  continued  to  increase  until  August  9.  Downy  mildew  was 
first  seen  on  May  27. 

Experiments  were  also  made  by  Mr.  Lyman  with  the  view  of  dis- 
covering a  remedy  for  anthracnose.     Mr.  Lyman  writes: 

I  determined  to  make  an  experiment  for  tlie  prevention  of  antliracnose,  because 
of  the  great  amount  of  damage  done  by  it  in  188t)  and  1887  to  my  Elviras  and  Dela- 
wares,  and  also  because  of  its  prevalence  among  other  varieties  grown  in  my  neigh- 
borhood. The  preparation  used  was  a  saturated  solution  of  sulphate  of  iron  which 
was  applied  in  tne  latter  part  of  February,  and  in  the  following  manner: 

Cheap,  coarse  sponges  were  wired  to  the  ends  of  round  sticks  15  inches  in  length; 
and  buckets  were  used  having  a  spatter  strip  nailed  across  the  top.  Tlie  sponge 
was  immersed  in  the  hquid,  withdrawn,  struck  against  the  spatter  sti'ip  to  save 
waste,  and  the  \'ine  then  swabbed  thoroughly  from  the  base  to  tne  extremity.  Five 
hundred  and  fifty  vines  were  treated  and  fifty  left  imtreated.  The  entire  alisence  of 
this  fungus  where  the  vines  were  treated  led  me  to  believe  that  the  effects  of  the 
application  were  most  satisfactory.  The  rows  of  Elviras  untreated  lost  from  20  to 
25  per  cent,  of  their  fruit,  while  the  untreated  Delawares  did  not  bear  any  grapes 
worth  mentioning,  and  made  a  very  inferior  growth  of  cane. 

Mr.  Lyman  concludes  his  report  as  follows: 

The  difference  in  the  quantity  of  fruit  and  quality  of  must  between  my  treated 
and  untreated  Norton's  Virginia  was  so  marked  at  the  wine  cellar  as  to  call  forth 
tlie  following  communication: 

Charlottesviule,  Va. 

In  receiving  grapes  from  H.  L.  Lyman,  delivered  to  and  bought  by  the  Monticello 
Wine  Company  in  September  and  October,  1888,  we  found  a  very  marked  difference 
in  the  Norton  grapes  treated  for  mildew  and  rot  by  the  application  of  copper  mix- 
tures from  those  not  so  treated.  This  difference  was  shown,  not  only  in  a  much 
less  degree  of  rot,  but  more  in  the  quality,  as  uidicated  by  the  saccharometer.  Those 
treated  were  rich  in  sugai*,  and  consequently  of  an  increased  value  of  one-half  a  cent 
per  pound  or  $10  per  ton. 

Oscar  Reierson,  Secretary, 

VI.-TREATMENT  OF  BLACK-ROT  IN  ARKANSAS  WITH  THE  SIMPLE  SOLUTION  OF  SUI^ 

1»HATE  OF  COPPER. 

By  Mr.  J.  IIertlcin,  of  SpUcrviUe. 

I  used  the  simple  solution  of  sulphate  of  copper  (1  poimd  of  copper  to  20  gallons 
of  water)  because  I  could  not  get  tne  ammonia  which  is  used  in  the  preparjSion  of 
eau  celeste.  The  first  applications  were  made  with  a  broom  on  the  evenings  of  April 
17  and  19,  respectively.  Four  hundred  vines  of  thirty-five  varieties  were  treated, 
and  one  row  in  the  middle  of  the  vineyard  was  left  untreated  for  comparison.  The 
solution  was  too  strong;  it  injured  the  leaves  of  some  varieties  badly,  especially  Nor- 
ton's, Ives,  Missouri  Riesling,  and  Berckman's.  Delawai'e  did  not  suffer  any,  CJon- 
cord  very  little.  I  made  the  second  application  May  2  and  3,  and  left  Norton's  and 
Ives  imtreated.  Most  of  the  vines  were  in  bloom  at  the  time.  The  third  application 
was  made  between  May  16  and  21,  using  the  same  solution  as  before.  For  the  second 
and  third  applications  I  used  30  gallons  of  water  to  1  pound  of  the  copper;  tlie  part 
of  this  solution  put  on  in  the  morning  when  the  dew  was  on  the  leaves  and  after  a 
rain  burnt  the  foliage,  while  that  put  on  in  the  evening  did  not  hurt  it  in  the  least. 
The  best  time  for  applying  the  remedies  I  think  is  about  sundown,  or  even  by 
moonlight.  Mildew  api^ared  after  a  heavy  rain  on  untreated  Peter  Wylie  and 
Vergennes  vines  May  16;  it  also  attacked  some  untreated  Berckman's  vines.  May  17 
I  found  spotted  leaves  on  imtreated  Concords;  on  the  18th  I  gave  the  mildewed 
vines  a  sprinkhng  of  the  solution,  which  stopi^ed  further  progress  of  the  disease. 

May  26  I  found  the  firet  traces  of  black-rot  on  untreated  Peter  Wylie,  also  on 
Vergennes,  and  a  few  days  later  on  Concord  and  other  varieties.  The  Ist  of  June 
I  commenced  picking  off  the  rotten  berries  (as  I  have  done  for  the  pa.st  three  years), 
and  kept  on  picking  every  three  or  four  days  until  July  7;  I  picked  in  all  about  50 
pounds  of  rotten  fruit.  The  difference  between  treated  and  untreated  vines  could 
be  seen  at  a  glance;  while  the  treated  ones  were  only  slightly  attacked,  the  untreated 
rotted  badly.  Not  all  the  varieties  yielded  alike  to  the  remedy,  and  while  I  could 
not  see  any  difference  between  treated  and  unti'eated  Berckman's  and  Vergennes, 
the  difference  between  treated  and  untreated  Concords  was  very  striking.    At  the 
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harvest  (August  6)  the  treated  vines  yielded  over  10  pounds  to  the  vine,  and  the  un- 
treated 3i  pounds.  Delaware  and  Norton's  were  nearly  exempt  from  rot;  Ives, 
Montefiore,  Ulster,  Empire  State,  Perkins,  and  Champion  rotted  very  little. 

Mv  vineyard  is  on  a  slope  with  western  exposure;  one  half  is  trained  to  wire  after 
the  knilfen  system,  the  other  half  to  stakes.  In  the  spring  before  the  buds  started 
I  washed  every  alternate  row  of  those  on  wires  with  a  50  per  cent,  copperas  solu- 
tion, and  on  these  I  could  hardly  tind  a  rotten  berry  in  the  fall.  I  have  full  con- 
fidence in  the  remedies,  and  will  experiment  again  next  season.  The  main  thing 
is  to  use  the  remedies  early,  before  and  immediately  after  flowering.  I  beUeve  that 
1  pint  used  at  such  a  time  will  do  more  good  than  a  gallon  used  later.  Picking  and 
destroying  the  rotten  berries  should  be  continued  with  the  foregoing  treatment. 
All  the  vineyards  of  my  neighbors,  where  no  remedies  were  apphed,  were  injured 
by  rot  from  25  to  75  per  cent.,  while  I  hardly  lost  1  per  cent,  of  my  crop. 

Vn.-EXPERIMENTS  AT  MIDDLE  BASS,  OHIO. 

Mr.  George  M.  High,  of  this  place,  sent  in  a  very  full  report  of  his 
experiments,  and  the  results  obtained  in  the  treatment  of  orown-rot 
(Peronospora  viticola).  He  used  eau  dfeleste,  making  the  applications 
with  a  Nixon  barrel  force  pump  and  Nixon  spraying  nozzle  on  June 
7,  June  18,  July  6,  July  18,  and  August  7.  Two  thousand  vines, 
mostly  of  the  Catawba  variety,  were  treated,  while  a  like  number  of 
the  same  variety  were  left  untreated  for  comparison. 

The  loss  of  fruit  on  the  treated  vines  was  about  1  per  cent. ,  while 
on  tlie  untreated  vineyard  fully  one-third  of  the  fruit  was  destroyed. 

VIII.— TREATMENT  OF  THE  GRAPE-VINE  POWDERY  MILDEW  (CTnctnu/a  avipelop9idi»)Wn!K 

SULPHURET  OF  POTASSIUM. 

Mr.  E.  M.  Hudson,  of  Mobile  County,  Ala.,  used  this  solution  in 
the  treatment  of  the  foregoing  disease,  and  his  report  contains  so 
many  interesting  points  that  it  is  here  submitted  in  full. 

I  waii  making  an  effort  to  find  some  convenient  form  of  sulphur  to  apply  to  my 
European  vines  {Vitis  v  in  if  era),  wlien  I  was  attracted  b^  an  observation  of  M.  le 
Vte.  Aniaury  de  Montlauer.  in  Bulletin  No.  2  of  the  Section  of  Vegetable  Pathol- 
ogy, pages  08  and  70,  to  the  effect  that  he  had  successfully  applied  a  1  per  cent, 
solution  of  liver  of  sulphur  for  mildew  {Peronospora  viticola);  and  he  concluded 
by  saying  that  vineyaras  treated  in  the  spring  had  neither  Oidium  nor  Erineum,  I 
at  once  decided  to  experiment  with  it  on  Hamburg,  Black  Hamburg,  Muscat,  and 
other  European  vines  growing  in  the  open  air,  on  which,  for  several  seasons,  the 
grapes  liave  been  severely  injured,  and  in  1886  entirely  destroyed  by  the  powdery 
mikU^w  {Uneinula  ampelopsidis).  Accordingly  I  commenced  with  a  1  per  cent. 
solution,  whicli  scorched  the  young  leaves  severely  wherever  it  touched  them. 
Next  I  made  a  solution  of  one-tenth  the  above  strength  ;  this  was  also  too  strong 
but  tlie  beneficial  effects  were  so  apparent  that  I  made  a  third  application,  contain- 
ing one  one-hundredth  of  1  per  cent,  of  the  potassium.  This,  while  promising 
far  more  than  the  two  former  mixtures,  still  admonished  me  that  the  solution  was 
even  tlien  too  powerful.  Notwithstanding  these  disappointments,  I  succeeded  in 
saving  a  portion  of  the  crop  in  fair  condition. 

This  year  I  coniTuenced,  when  the  young  shoots  were  perhaps  6  to  8  inches  long, 
with  a  solution  of  half  an  ounce  (avoirdupois)  to  one  gallon  of  waten  It  was  applied 
again  when  tlip  grapes  were  beginning  to  color.  Tlie  solution  happened  to  be  quite 
ix)wtrfal  onoui^h  and  produced  no  injurious  effects  whatever  on  the  tender  leaves 
and  shoots.  Tliis  treatment  was  applied  to  two  hundred  vines  (all  marked)  with  ab- 
solute and  unexceptional  success,  giving  me  a  full  crop  of  superb  clusters  of  mag- 
nilicent  berries  in  every  instance.  About  thirty-four  vines,  interspersed  among 
those  treated  as  alxjve,  and  left  entirely  untreated,  had  tlieir  entire  crop  destroyed 
by  the  mildew. 

After  the  crops  were  gathered  the  older  leaves  on  the  treated  vines  were  attacked 
by  the  Uneinula,  and  before  they  could  be  treated  a  long  rainy  season  of  six  weeks 
set  in  so  that  the  remedies  were  never  applied.  At  the  end,  however,  tlie  foliage  of  the 
treated  vines,  beyond  being  browned  slightly,  appeared  to  have  received  no  further 
injury,  and  tlie  late  wood  growth  was  satisfactory. 

I  used  the  Vermorel  machine  in  applying  the  solution  and  it  gave  perfect  satis- 
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faction.  I  had  the  solution  freshly  prepared  and  applied  it  in  the  early  morning, 
before  8  o'clock,  as  recommended  by  M.  de  Montlaur. 

When  you  take  into  consideration  the  cheapness  of  liver  of  sulphur,  the  ease  of  its 
prepai'ation  and  application,  the  complete  success  of  the  treatment,  and  the  fact  that 
the  ripe  clusters  are  not  blemished  oy  it  as  thev  are  by  the  flowers  of  sulphur,  it 
seems  to  me  that  it  must  commend  itself  to  all  growers  of  European  vines,  espe- 
cially those  in  California,  where  the  Uncinula  is  the  chief  fungous  disease  against 
which  grape-growers  have  to  contend. 

In  preparing  the  solution,  half  an  ounce  of  the  liver  of  sulphur  was  dissolved  in 
1  pint  of  hot  water;  as  soon  as  dissolved,  the  cold  water  (1  gallon  less  1  pint)  was 
poured  with  the  hot  solution,  and  the  whole  immediately  strained  through  a  thick 
osnaburg  cloth  into  a  tin  can  and  closely  stopped.  It  was  then  i*eady  for  use.  It 
takes  but  a  few  moments  to  prepare  it.  From  the  tin  can  (10-gallon  cans  were  used) 
the  mixture  was  poured,  as  needed,  into  tlie  reservoir  of  the  Vei-morel  machine  and 
sprayed  thoroughly  over  the  vines,  clusters,  and  leaves  above  and  below,  the  smaller 
nozzle  being  used  for  the  work. 

I  used  at  each  application  on  two  hundred  and  fifty  vines  4  gallons  of  water  with 
3  oimces  of  liver  of  sulphur.  This  was  perliaps  more  than  was  necessary,  but  I  was 
determined  to  have  the  work  done  efficiently  and  thoroughly  in  order  to  test  the 
value  of  the  application. 

tX.-CONCLUSIONS. 

The  results  furnished  by  the  foregoing  reports  show  conclusively 
that  by  the  proper  application  of  the  copper  remedies,  especially  the 
Bordeaux  mixture,  we  may  subdue  or  even  entirely  prevent  black-fot. 
Downy  mildew  can  easily  be  prevented  by  any  ot  the  remedies  men- 
tioned in  the  foregoing  circular,  as  the  experiments  last  year  fully 
proved.  It  is  true  that  quite  a  number  of  tliose  who  made  trials  this 
year  report  that  no  benefit  resulted  from  the  aiJi)lications,  but  when 
we  come  to  carefully  inquire  into  sucli  cases  we  find  that  where  fail- 
ures are  reported  the  experiments  were  either  carelessly  made  or  were 
begun  too  late  in  the  season  to  be  of  value.  It  seems  to  us  that  one 
of  the  jjrincipal  reasons  for  the  non-success  heretofore  attending  the 
use  of  these  preparations  lies  in  the  fact  that  very  few  grape-growers 
have  the  vaguest  idea  of  what  the  fungi  of  black-rot  and  downy 
mildpw  are  like.  They  do  not  know  that  these  minute  enemies  are 
plants  like  the  vine  on  which  they  feed;  that  they  grow  and  produce 
bodies  analogous  to  seed,  and  that  these  minute  seed  or  spores  germi- 
nate and  take  root,  so  to  speak,  whenever  they  come  in  contact  with 
the  fruit  or  leaves,  providing  there  is  sufficient  moisture  present.  If 
these  facts,  and  many  others  connnected  with  the  life  history  of  the 
fungi  under  consideration,  were  known,  the  importance  of  beginning 
the  treatments  early  and  making  the  applications  thorough  would  be 
readily  understood. 

Under  the  present  condition  of  things  it  is  somewhat  difficult  to 
outline,  in  a  definite  manner,  a  practical  course  of  treatment  for 
black-rot.  As  a  first  step,  however,  it  would  be  well  to  carefully 
collect  in  the  fall  as  many  of  the  old  leaves  and  berries  as  possible, 
and  burn  or  bury  them.  Then  in  the  spring  after  the  vineyard  has 
bfeen  pruned  and  put  in  order  by  the  plow,  but  before  vegetation 
starts,  the  vines  should  be  thoroughly  sprayed  with  Bordeaux  mixt- 
ure containing  IG  pounds  of  sulphate  of  copi)er  and  30  pounds 
of  lime  to  22  gallons  of  water.  The  object  of  tliis  spraying  is  to  de- 
stroy all  the  s|)ores  of  the  fungus  that  may  have  lodgeainthe  bark. 
About  ten  days  before  the  flowers  open  the  foliage  and  vines  should 
receive  a  second  spraying,  this  time  using  a  mixture  containing  0 
pounds  of  suli)hate  of  copper  and  4  pounas  of  lime  to  22  gallons  of 
water.  A  third  application,  using  the  latter  mixture,  should  be  made 
when  the  flowers  are  opening,  taking  care  to  thoroughly  wet  all  the 
green  parts  but  not  to  drench  them.    Repeat  the  spraying  every  two 
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weeks,  until  the  fruit  begins  to  color,  using  the  same  preparation  as 
before. 

In  regions  where  both  mildew  and  rot  prevail,  the  treatment  as  out- 
lined for  the  latter  will  effectually  prevent  the  former  so  that  it  will 
not  be  necessary  to  make  any  additional  applications.  Where  the 
mildew  is  the  only  enemy  to  be  considered  tne  eau  celeste  (formula 
1  or  2)  should  be  used  for  the  reason  that  it  is  cheaper,  more  readily 
prepared  and  applied,  and  fully  as  efficacious  in  this  case  as  is  the 
Bordeaux  mixture. 

On  the  1st  of  December,  1888,  we  visited  Colonel  Pearson's  vine- 
yard and  found  that  he  had  already  begun  treating  his  vines  with  the 
view  of  preventing  the  recurrence  of  black-rot  in  1889.  He  had 
thoroughly  cleaned  his  vineyard  and  had  removed  all  the  old  bark 
and  dried  berries  from  the  vines.  The  vines  had  been  drenched  with 
the  Bordeaux  mixture,  and  slaked  lime  had  also  been  scattered  be- 
tween the  rows,  completely  covering  the  ground  in  many  places. 
Colonel  Pearson  informed  us  that  he  would  plow  the  vineyard  in  the 
spring  before  vegetation  started  and  again  give  it  a  liming,  after 
which  he  would  apply  the  Bordeaux  mixture,  repeating  the  spray- 
ings every  three  weeks  throughout  the  summer  until  the  fruit  began 
to  color. 

B.— NECESSITY  FOR  MORE  EXTENDED  FIELD  WORK. 

Among  the  subjects  dealt  with  in  the  following  pages  the  rot  of 
the  potato,  tomato,  and  cherry,  and  the  leaf -blight,  and  cracking  of 
the  pear  cause  tlie  heaviest  losses  to  farmers  and  fruit-growers. 
Each  one  is  probably  the  cause  of  thousands  of  dollars'  loss  every 
year,  and  they  are  only  representative  diseases.  The  agricultural 
world  has  long  suffered  from  these  diseases  in  a  profound  ignorance 
of  their  causes. 

Against  these  insidious  foes,  which  are  visible  only  in  their  effects, 
the  farmer  has  heretofore  had  no  weapons  of  warfare.  If  his  potato 
vines  died  prematurely,  and  the  potatoes  themselves  rotted  m  the 
hills  or  in  the  cellar,  he  simply  said  it  was  a  bad  year,  resigned  him- 
self to  his  fate,  and  probably  used  what  few  potatoes  were  left  for  plant- 
ing his  next  year's  crop.  Since  this  Section  was  established  a  con- 
tinual effort  has  been  made,  by  means  of  correspondence,  special 
bulletins,  and  annual  reports,  to  bring  before  the  agriculturists  of 
the  country  the  fact  that  these  diseases  have  definite  causes  outside 
of  climatic  influence,  to  teach  them  the  nature  of  these  causes,  and  that 
the  diseases  can  be  prevented.  The  liberality  of  the  Government  in 
circulating  large  editions  of  these  reports  has  done  much  to  bring 
this  knowledge  within  reach  of  all,  and  there  is  no  good  reason  to- 
day why  agriculturists  should  longer  suffer  in  unresisting  ignorance 
of  the  causes  or  remedies  for  fungous  diseases.  Much  work  in  this 
line  remains  to  be  done.  The  entire  history  of  the  fungi  causing  these 
diseases  is  known  only  in  a  comparatively  few  cases;  and  how  im- 
portant it  is  that  the  entire  history  of  all  parasitic  fungi  should  be 
viiown  may  l)e  gained  by  a  study  of  those  already  described.  But  in 
addition  to  tliis  there  is  another  field  of  labor  which  is  absolutely 
necessary  if  this  knowledge  is  to  be  made  of  practical  benefit.  Under 
the  **  treatment"  of  nearly  every  disease  we  are  obliged  to  say,  "  No 
experiments  have  yet  been  attempted,  and  the  suggestions  made  are 
drawn  from  a  general  knowledge  of  the  life  history  of  the  fungus 
and  the  results  in  the  use  of  fungicides  in  vine  diseases."    In  other 
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words,  we  leave  our  readers  to  experiment  for  themselves,  doing  all 
in  our  power  by  way  of  suggestion. 

This  is  not  encouraging  to  farmers;  considerable  expense  is  en- 
tailed in  order  to  thoroughly  test  any  of  these, remedies,  and  few  car^ 
to  add  to  the  possible  loss  of  their  crops  the  additional  expense  of 
chemicals  and  machines  for  application,  to  say  nothing  of  the  labor 
involved  at  a  time  when  other  work  is  especially  pressing.  If,  on 
the  contrary,  we  were  able  to  lay  down  a  course  or  treatment  and  say 
This  has  been  thorotighly  tested  by  competent  and  practical  men,  no 
farmer  would  hesitate  to  use  the  means  suggested. 

The  need  of  this  has  been  keenly  felt  by  those  in  charge  of  the  work, 
but  the  funds  available  have  not  been  sufficient  to  establish  any 
such  series  of  experiments  as  was  desired.  It  was  thought  wisest 
to  concentrate  what  money  and  force  it  could  command  in  this 
direction  upon -one  point,  and  consequently  all  available  resources 
were  used  for  two  years  in  experiments  with  fungicides  for  black-rot 
and  other  diseases  of  the  grape.  The  result  has  justified  the  means 
and  we  are  now  able  to  say  to  the  grape-growers  of  the  country  that 
this  most  dangerous  foe  to  their  industry  may  be  conquered  by  a 
simple  and  comparatively  inexpensive  method.  One  oi  the  results 
of  tnis  work  is  the  invention  of  the  Eureka  sprayer,  and  the  num- 
ber of  orders  already  received  for  it  attest  the  fact  that  fruit-grow- 
ers are  anxious  to  use  remedies  that  have  once  been  tested.  It  re- 
mains for  us  to  make  similar  experiments  in  other  diseases,  but  if 
two  years  must  be  devoted  to  each  one  our  progress  will  be  painfully 
slow.  The  demand  for  more  field  work  is  imperative,  the  resources 
of  the  country  can  never  be  fully  developed  while  the  agricultural 
community  is  at  the  mercy  of  every  infectious  disease  that  now  visits 
its  crops.  The  losses  from  this  source  are  incalculable,  and  it  de- 
volves upon  this  Section  to  take  the  initiative  steps  toward  avoiding 
them.  The  work  is  possible  and  extremely  practical,  and  what  is 
necessary  in  order  to  accomplish  the  desired  results  is  to  have  the 
funds  at  our  command  that  will  enable  us  to  employ  competent  men 
to  go  into  the  field  and  not  only  investigate  the  causes  but  experi- 
ment with  remedies  for  the  many  diseases  that  are  now  devastating 
nearly  every  cultivated  plant. 


C— MISCELLANEOUS  SUBJECTS. 

The  following  subjects  are  discussed  in  the  accompanying  pages 
of  this  report: 


1. 


Downy  mildew  of  tlie  potato. 
Notes  on  black-rot  of  tne  tomato. 
A  tomato  disease. 
Brown-rot  of  the  cherry. 
Powdery  mildew  of  the  cherry. 
C.  Lieaf-blight  and  cracking  of  the  pear. 

7.  Leaf -spot  of  the  rose. 

8.  Plum-pockets. 


3. 

4. 
5. 


9.  Apple  rusts. 

10.  Septosporium  on  grape  leaves. 

11.  Leaf -spot  disease  of  the  maple. 

12.  A  disease  of  the  sycamore. 

13.  The  leaf -rust  of  cotton  woods. 

14.  Report  on  peach  yellows. 

15.  Additional    notes    on    celery 

blight. 


leaf- 


The  paper  on  ** Downy  Mildew  of  the  Potato"  was  prepared  by 
Prof.  F.  L.  Scribner,  wliile  that  on  ''Apple  Rusts"  is  by  Dr.  B.  D. 
Halstead,  who  has  given  special  attention  to  this  group  of  fungi. 
Of  the  remaining  chapters  my  assistant,  Miss  E.  A.  Southworth, 
prepared  Nos.  6,  7,  10,  and  12,  and  also  furnished  valuable  notes  on 
several  others.  Chapters  5  and  13  are  from  the  pen  of  my  assistant, 
Mr.  M.  B.  Waite.    The  illustrations  accompanying  these  were  drawn 
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under  my  supervision  by  Miss  Roberta  Cowing,  Miss  E.  A.  South- 
woi-th,  and  Mr.  M.  B.  Waite. 

1. — Downy  Mildew  op  the  Potato.* 
Pliytophthora  infestanSy  DBy. 
(Plates  I,  II,  and  Map.) 

I. — GENERAL  REMARKS. 

The  disease  of  the  potato  caused  by  the  parasitic  fungus  Phytoph- 
thora  infestans,  generally  known  as  Potato-rot,  probably  originated 
in  South  America,  whence  it  was  brought  to  this  country  about  the 
year  1840.  Since  that  time  it  has  been  the  cause  of  very  serious 
losses  to  farmers,  and  in  years  favorable  to  the  disease  has  swept 
away  nearly  the  entire  crop. 

The  cooler  and  more  moist  sections  of  the  country  are  where  the 
Phytophthora  attains  its  greatest  vigor  and  activity,  and  it  is  only 
in  the  dry  regions  of  the  great  western  plateaux  that  the  potato- 
grower  can  hope  to  wholly  escape  its  ravages. 

No  variety  has  yet  been  discovered  that  has  remained  free  from 
the  disease  under  all  circumstances,  although  in  some  localities  some 
varieties  are  more  resistant  than  others.  Possibly  also  there  are 
some  varieties  more  susceptible  than  others,  and  these  should  be 
known  in  order  that  their  culture  may  be  avoided. 

U.— BOTANICAL  CHARACTERS. 

The  fungus  attacks  the  stems  and  leaves  as  well  as  the  tubers. 
On  the  leaves  (Plate  I,  Fig.l)  pale-yellowish  spots  first  indicate  the 

Eresence  of  the  disease;  these  very  soon  turn  brown,  and  if  the  weather 
e  warm  and  damp,  rapidly  blacken,  indicating  the  total  destruction 
of  the  tissues.  The  yellowing  of  the  tissues  progresses  slowly,  but  as 
soon  as  the  fungus  has  pushed  out  its  fruiting  threads,  which  appear 
as  a  white  downy  coating  on  the  under  surface,  the  discolorations  pro- 
ceed rapidly. 

The  stems  may  be  attacked  directly  or  the  disease  may  reach  them 
through  the  leaves;  in  either  case  they  become  blackened  and  soon 
die. 

On  the  tubers  (Fig.  2)  the  parasite  attains  a  considerable  growth 
within  the  tissues  before  there  is  any  external  manifestation  of  its 
presence.  After  a  time  depressed  spots  appear  and  the  skin  covering 
these  dies  and  becomes  discolored.  Underlying  these  spots  the  tis- 
sues will  be  found  to  be  dark-colored  for  a  greater  or  less  depth. 
This  browning  of  the  tissues  begins  before  there  is  any  external 
sign  of  disease.  The  flesh  occupying  the  center  of  the  tuber  remains 
for  sometime  healthy  and  normal,  but  in  the  end  it  also  decays 
either  with  dry  or  wet  rot.  If  infected  tubers  are  stored  the  rot  will 
progress  in  the  cellar  and  healthy  tubers  may  be  infected  by  those 
already  diseased.  The  losses  arising  from  the  rotting  of  the  tubers 
after  they  are  gathered  sometimes  amount  to  as  much  as  may  have 
occurred  in  the  field. 


*  This  article  is  an  abstract  from  a  paper  by  Prof.  F.  L.  Scribner  which  will  be 
published  as  a  special  bulletin. 
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The  mycelium  passes  between  the  cells,  never  into  them  (Plate  II, 
Figs.  1,  4)  except  in  rare  cases.  After  it  has  grown  a  few  days  in 
the  tissues  of  the  leaf,  it  sends  out  branches  destined  to  bear  the 
conidia  or  reproductive  bodies  of  the  fungus  (Fig.  2).  The  method 
of  formation  of  the  conidia  is  illustrated  in  Fig.  3.  They  are  formed 
at  the  apex  of  the  conidiophore  or  its  branches,  and  their  apparently 
lateral  position  is  due  to  the  fact  that  they  are  turned  to  one  side  by 
a  continuation  of  the  growth  of  the  branch.  As  soon  as  the  conidia 
are  ripe  they  will  germinate  if  placed  in  suitable  conditions  of  warmth 
and  moisture.  The  changes  \vhich  they  pass  through  in  germination 
are  illustrated  by  Fig.  5.  The  conidium  breaks  up  (o-d)  into  a  num- 
ber of  motile  portions  called  the  zoospores  (e,/,);  these  have  cilia  at 
first,  but  finally  lose  them  (a),  surround  themselves  with  a  membrane 
and  germinate  {h,  i,  k,  I);  tne  germ  tube  enters  the  plant  and  repro- 
duces the  disease. 

There  is  no  longer  any  doubt  that  the  tubers  may  be  and  usually 
are  infected  by  the  rain  washing  the  conidia  down  into  the  soil. 

m.— CONDITIONS  FAVORING  THE  DISEASE. 

In  order  to  intelligently  treat  the  ]^:)otato-rot  it  is  necessary  to  un- 
derstand the  conditions  which  favoi*  its  development.  These  are  (1) 
humidity — the  years  of  gi^eat  outbreaks  have  always  been  years  of 
excessive  humiaity;  (2)  a  temperature  ranging  from  (56""  to  75°  F. — 
a  few  degrees  above  74°  will  check  the  development  entirely,  and 
down  to  45''  the  fungus  will  continue  to  grow;  (3)moisture  in  the  soil — 
hence  a  clayey  soil  or  one  that  will  retain  moisture  is  more  favora- 
ble to  rot.  It  is  also  generally  conceded  that  stable  or  barn-yard 
manure,  especially  if  used  fresh,  favors  the  rotting  of  the  tubers. 

The  conditions  which  favor  the  rot  after  the  potatoes  are  harvested 
are  the  same  as  those  which  favored  it  •before — moisture  and  a  mod- 
erately high  temperature. 

IV. — TREATMENT. 

Treatment  for  potato-rot  must  be  preventive,  and  prevention  in 
this  case  consists,  first,  in  not  planting  diseased  tubers,  and  second  in 
making  the  conditions  unfavorable  for  the  germination  of  the  spores 
and  development  of  the  mycelium,  and  finally  in  protecting  the  tops 
by  fungicides  that  will  prevent  the  spores  from  germinating  even 
under  the  most  favorable  climatic  conditions. 

Potatoes  used  for  seed  should  be  perfectly  sound;  a  single  tuber 
containing  the  mycelium  of  the  fungus  may  result  in  a  point  of  in- 
fection that  will  ruin  the  entire  crop.  If  there  has  been  any  disease 
in  the  field  where  the  seed  potatoes  were  grown  it  is  not  saie  to  de- 
pend upon  observation  in  judging  the  character  of  seed  selected,  for 
the  Phytophthora  may  be  present  without  developing  any  visible 
characters.  The  better  plan  would  be  to  always  aisinf cct  the  tub- 
ers designed  for  seed.  Whether  this  can  be  done  without  destroy- 
ing the  vitality  of  the  sets  must  be  determined  by  further  experi- 
ments. According  to  Mr.  Jensen,  however,  it  is  possible  to  disinfect 
potatoes  to  be  used  for  seed  by  keeping  them  in  an  oven  for  a  few 
hours  at  a  temperature  of  from  104°  to  110°  Fahr. 

When  possible  the  planter  should  always  select  a  light  and  thor- 
oughly drained  soil  for  his  potato  crop.  It  is  of  course  impossible  to 
control  the  weather  conditions  that  favor  the  disease,  and  conse- 
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quently  if  these  are  present  the  vines  must  be  protected  by  the  appli- 
cation of  fungicides.  The  disease  is  similar  to  the  downy  mildew 
of  the  grape,  and  the  preparations  used  for  that  will  be  effective  for 
tlie  potato-rot.  Preference  is  ffiven  to  the  Bordeaux  mixture,  but 
eau  celeste,  sulphatine,  and  blignt  powder  can  also  be  recommended. 
The  applications  should  be  made  when  there  is  no  wind,  and  the 
plants  are  wet  with  dew,  and  should  begin  before  the  blight  makes 
its  appearance,  say  durins:  the  latter  part  of  July,  and  repeated  about 
the  middle  of  August. 

If  the  spores  of  the  fungus  reach  the  tubers  by  being  washed  into 
the  soil  by  rains,  potatoes  but  lightly  covered  with  earth  are  more 
likely  to  be  infected  than  when  deeply  planted  ;  such  is  generally  re- 
ported to  be  the  case,  consequently  the  potatoes  should  have  a  second 
or  protective  molding  at  the  first  appearance  of  the  disease  upon 
the  leaves,  made  in  such  a  manner  that  the  uppermost  tubers  shall 
have  at  least  5  inches  of  earth  over  them,  the  tops  beinff  bent  at  the 
same  time  so  that  they  hang  over  the  furrows  m  a  hali-erect  posi- 
tion. 

It  should  be  remembered  at  the  time  of  digging  the  crop  that  the 
tubers  may  become  infected  as  they  are  taken  from  the  ground,  by 
spores  from  the  decaying  tops.  If  the  digging  be  delayed  for  a  week 
or  two  after  the  tops  have  oecome  thoroughly  dead,  and  performed 
when  the  weather  is  sunny  and  dry,  there  is  little  possibility  of  in- 
fection at  this  period. 

Potatoes  should  be  entirely  free  from  surface  moisture  when  stored, 
and  never  should  bo  placed  where  it  is  damp  or  where  moisture  can 
collect  about  them.  Dusting  the  tubers  with  air-slaked  lime  (1  bushel 
of  lime  to  25  bushels  of  potatoes)  before  storing  is  strongly  recom* 
mended  ;  it  will  do  much  towards  preventing  the  rot.  If  during  the 
winter  the  potatoes  are  found  to  be  rotting  they  should  at  once  be 
sorted  over  and  all  spotted  or  unsound  ones  treated  with  lime  and 
stored  where  the  temperature  is  low  and  the  atmosphere  dry. 

2.— Notes  on  Black-rot  of  the  Tomato. 

(Plates  III,  rv.) 

I.— GENERAL  OBSERVATIONS. 

Horticulturists  and  farmers  have  suffered  considerably  of  late  years 
from  a  disease  of  the  tomato  which  is  known  everywhere  as  "  rot." 
The  term  as  generally  used  includes  a  number  of  diseases  which  are 
quite  distinct  from  each  other.  It  is  not,  however,  the  purpose  of 
tnis  paper  to  enter  into  a  discussion  of  the  various  kinds  of  rot ;  we 
shall  rather  attempt  to  bring  together  some  of  the  facts  concerning 
one  very  important  form  which  has  come  more  particularly  under 
our  observation  during  the  past  year,  and  in  order  to  distinguish  it 
from  similar  diseases  it  will  be  here  designated  as  '^  black-rot." 

Specimens  of  this  have  been  received  From  nearly  all  parts  of  the 
United  Stat(\s  where  the  tomato  is  grown,  and  farmers  complain  bit- 
terlv  of  its  ravages. 

Although  several  mycologists  have  devoted  considerable  time  and 
studv  to  the  malady,  the  results  so  far  obtained  as  to  the  cause  of  it 
are  far  from  conclusive  or  satisfactory.  Doubtless  this  is  owing  to 
the  fact  that  the  rot  is  not  always  the  result  of  a  single  agent,  but  is 
more  often  due  to  several  combined  causes. 
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n. — EXTERNAL  CHARACTERS. 

The  disease  as  a  rule  makes  its  appearance  at  the  apex  or  flower 
end  of  the  fruit  when  the  latter  is  from  one-half  to  two-thirds  grown. 
At  first  a  small  blackish  spot  is  seen  either  around  the  remains  of 
the  style  or  on  one  side  of  it ;  this  rapidly  increases  in  size,  but  re- 
tains a  more  or  less  circular  outline  (Plate  III,  Fig.  1).  As  the  dis- 
ease progresses  the  tissues  collapse  quite  regularly  on  all  sides,  and 
the  berry  becomes  much  flattened  ( Fig.  2) .  There  is  usually  a  slightly 
raised,  narrow  border  surrounding  the  diseased  parts,  while  just  out- 
side this  the  cuticle  retains  its  normal  healthy  color,  but  appears 
slightly  wrinkled,  owing  to  the  collapsed  condition  of  the  tissue^  be- 
neath. Sections  througn  a  rotten  tomato  at  this  stage  show  that  the 
black  discolorations  extend  deeply  into  the  tissues,  the  depth  depend- 
ing somewhat  upon  the  size  of  the  spot.  As  the  malady  progresses 
the  diseased  parts  become  hard  and  leathery,  the  suf ace  assumes  a 
greenish-blacK,  velvety  appearance,  and  finallv  the  entire  fruit  be- 
comes dried  and  shriveled. 

m.— LOSSES,  CONDITIONS    KNOWN  OR  SUPPOSED  TO  FAVOR  THE  DISEASE,  ETC. 

In  parts  of  Indiana,  Michigan,  Wisconsin,  and  Mississippi  the  dis- 
ease IS  very  destructive,  in  many  cases  causing  almost  a  total  loss  of 
the  crop.  The  following  extracts  from  correspondence  will  give 
some  idea  of  its  ravages. 

A  correspondent  writes  from  Montgomery  County,  Ind.,  as  fol- 
lows: 

The  black-rot  of  the  tomato  has  prevailed  to  an  alarming  extent  in  this  locality 
for  the  last  three  or  four  years,  affecting,  however,  only  the  first-formed  fruit,  but 
eventually  destroying  fully  one-third  of  the  crop. 

Professor  Taft,  of  the  Agricultural  College  of  Michigan,  says: 

The  only  severe  cases  of  rot  which  troubled  us  this  summer  were  on  a  dry  sandy 
knoU,  and  occurred  during  the  drought  of  August.  The  vines  were  not  trellisea, 
and  the  fruits  which  rested  on  the  ground  were  affected  on  the  under  side.  We 
had  only  a  few  varieties  on  this  place,  and  the  "  Mikado"  and  "Acme, "  with  other 
pink  kinds,  seemed  to  be  most  injured.  Upon  our  experimental  plot,  which  con- 
tained one  hundred  and  fifty  varieties,  only  an  occasional  fruit  was  diseased. 

Professor  Tracy  says  that  at  Crystal  Springs,  Miss.,  he  found  the 
disease  very  severe  on  April  24,  1888,  fully  one-fourth  to  one-half 
the  fruits  being  affected  in  a  number  of  fields  examined.  On  May  1 
nearly  one-half  of  the  fruit  in  some  fields  was  affected,  and  on  June 
1  the  disease  had  nearly  disappeared.  In  July  he  was  unable  to  find 
specimens  for  study. 

In  Wisconsin  (writes  Professor  Tracy)  it  appears  in  July  or  August  and  con- 
tinues until  frost.  In  one  garden  there  it  has  been  noticed  as  affecting  the  crop  very 
seriously  for  three  years,  but  this  year,  with  no  noticeable  peculiarity  of  the  season, 
it  was  not  to  be  found  on  plants  grown  on  the  same  ground  from  seeds  of  plants 
affected  last  year. 

He  concludes  by  saying  that  he  tried  sulphatine,  David's  powder, 
etc. ,  this  year,  but  as  the  disease  disappeared  from  untreated  plants 
soon  after,  the  results  were  negative. 

As  stated  above  the  fruit  is  most  subject  to  attack  when  two-thirds 
grown,  and,  from  the  reports  of  correspondents,  it  appears  that  the 
disease  is  especially  virulent  during  the  latter  part  oi  July  and  the 
whole  of  August.  It  is  also  generally  believed  that  it  is  most  severe 
in  seasons  when  wet  weather  prevails  at  the  time  the  fruit  begins 
forming. 
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In  response  to  a  number  of  inquiries,  sent  out  by  the  Section  to 
determine,  if  possible,  wliat  effect  the  character  of  tne  soil,  pruning, 
trellising,  manuring,  etc.,  had  upon  the  disease,  a  number  of  replies 
were  received,  but  the  opinions  expressed  in  these  are  so  contradictory 
that  no  practical  conclusions  can  be  drawn  from  them.  According 
to  Professor  Maynard  of  the  Massachusetts  Agricultural  College,  the 
rot  this  year  v.ras  more  severe  upon  soil  where  tnere  was  only  a  limited 
supply  of  manure  applied.  Professor  Taft  expresses  practically  tlio 
same  opinion  as  that  of  Professor  Maynard. 

Professor  Bailey'"  says  that  an  abundant  use  of  stable  manure 
appears  to  auccniout  the  disease:  and  this  seems  to  be  the  general 
belief  of  most  of  our  correspondents. 

From  the  observations  of  Professor  Goff  of  the  New  York  Agri- 
cultural Experiment  Station,  the  rot  aj^pears  to  fiourish  most  on  the 
more  vigorous  plants.  He  says  that  a  vigorous  plant  of  "Cook's 
Favorite"  tomato,  grown  from  mature  seed,  had  18  per  cent,  of  its 
fruit  affected  with  black-rot;  while  a  feeble  one',  grown  from  im- 
mature seed,  had  but  5  per  cent,  of  its  fruit  destroyed. 

Some  varieties  appear  to  be  more  subject  to  the  rot  than  others. 
It  appears  from  all  the  evidence  at  hand  that  the  *^Acme'^  and 
"Mikado"  arc  especially  subject  to  the  disease,  while  the  "Perfec- 
tion," "Paragon,    and  "Trophy"  are  not  so  liable  to  its  attacks. f 

IV.— CONCLUSIONS  AS  TO  THE  CAUSE  OF  BLACK-ROT. 

In  all  the  specimens  which  have  come  under  our  observation  dur- 
ing the  past  year,  we  have  invariablv  found  two  species  of  fungi; 
finding  these  always  associated  with  the  rot,  the  questions  natuafly 
arise  as  to  what  connection  they  have  with  the  disease,  and  whether 
they  are  really  the  cause  of  it  or  are  to  be  considered  as  a  simple  inci- 
dent of  the  malady.  In  order  to  discover  if  possible  the  relationship 
existing  between  the  two  fungi  and  the  rot,  a  study  of  the  former 
was  begun,  and  the  results  of  these  observations  are  as  follows: 

A  section  through  one  of  the  velvety,  greenish  spots  shows  that 
the  color  and  peculiar  appearance  are  due  to  the  presence  of  a  vast 
number  of  short,  dark,  olive-brown  threads  (Plate  III,  Figs.  3,  7),  upon 
the  free  ends  of  which  are  borne  obclavate,  many  celled  bodies  (Fig. 
o);  these  readily  separate  from  the  supporting  stalks,  and  are  found 
thickly  scattered  over  the  surface  of  tne  diseased  parts.  Associated 
with  tnis  fungus  is  another  which  consists  of  dense  tufts  of  nearly 
colorless,  club  shaped  stalks,  occasionally  bearing  crescent-shaped, 
slender  bodies,  much  smaller  than  those  first  deScribed  (Plate  IV,  Figs. 
1,  2,  3).  The  dark-colored  fungus  is  Macrosporium  tomato,  Cook,J 
while  the  colorless  species  is  a  Ftvsarium,  which  agrees  with  speci- 
mens and  descriptions  of  F.  solani,  Mart.,§  a  species  commonly  found 

*  "  The  worst  cases  of  rot  this  jrear  (1887)  occurred  upon  plants  grown  on  a  freshly 
turned  sod  which  had  been  previously  dressed  with  manure." 

f  According  to  Professor  Bailey,  the  angular,  pear-shaped,  and  cherry  varieties, 
and  those  immediately  derived  from  them,  have  been  almost  exempt  from  attack. 

X  Macrosporium  tomato.  Cook.  Grevillia  XXII,  p.  32.  **  Spots  oroicular;  hyphsB 
short,  large,  flexose,  septate;  conidia  clavate,  slightly  attenuated  above,  short  stalked 
below,  consisting  of  brownish  spheroidal  cells.  On  ripe  tomatoes,  S.  Carolina  (Ite- 
venel)."  Our  specimens  do  not  agree  with  the  foregoing  description  in  all  cases, 
but  a  comparison  of  the  material  at  hand  with  authentic  specimens  of  M,  tomato 
shows  that  the  two  forms  are  identical. 

§The  so-called  Fusarhim  which  occurs  abimdantly  on  rotting  potatoes  has  been 
pretty  thoroughly  studied  by  the  German  mycologists  Reinke  and  Berthold.  Their 
investigations  resulted  in  the  discovery  of  the  mature  or  ascoporous  form  on  old  and 
AG  88 22 
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on  rotting  potatoes.  The  Macrosporium  is  usually  the  more  abundant 
of  the  two,  and  while  it  is,  as  a  rule,  found  upon  spots  of  all  sizes, 
th©  Fusarixmi  rarely  appears  until  decay  is  pretty  well  advanced. 

V. —MICROSCOPIC  CHARACTERS  OF  THE  MACROSPORIUM. 

The  Mdcfosporium  consists  of  a  mycelium  or  vegetative  system, 
spores  or  reproductive  bodies,  and  spore-bearing  hyphse. 

Mycelium. — The  vegetative  part  ot  the  fungus  is  made  up  of  rather 
large,  septate,  thick  walled,  more  or  less  contorted  tubes  which  are 
at  nrst  nearly  colorless,  but  eventually  become  tinted  with  brown: 
these  are  found  in  all  of  the  decaying  parts  and  can  be  readily  traced 
into  the  sound^tissues  (Plate  III  Fig.  7  a).  They  are  especially  aoundant 
near  the  surface,  forming  here  pretty  evenly  distributed,  more  or  less 
dark  colored  mats. 

Spores, — The  spores  are  borne  upon  the  ends  of  short  or  long,  sep- 
tate, olive-brown,  rather  thickish  nypha?  (Plate  III,  Figs.  3,  4,  7), 
which  spring  from  the  dark-colored  mycelium.  They  are  made  up 
of  from  three  to  fifteen  spherical  cells,  and  vary  greatly  in  size  ana 
shape,  being  when  full  grown  broadly  obclavate,  and  from  20  to  25 /* 
in  diameter  by  100  to  140 /i  in  length  (Fig.  5).  Their  color  at  first 
is  olive-brown,  later  they  become  darker,  frequently  almost  black. 
They  germinate  readily  in  moist  air  or  water  by  sending  out  one  or 
more  slender  tubes  from  each  cell  (Fig.  6).  At  first  the  germ  tubes 
are  colorless  and  without  septa;  later  they  become  tinted  with  brown 
and  divided  by  frequent  cross-walls.  * 

VI.— MICROSCOPIC  CHARACTERS  OP  THE  FUSARIUM. 

This  fungus,  so  f ai*  as  We  have  been  able  to  trace  its  development 
upon  the  tomato,  consists  of  a  vegetative  part,  or  mycelium,  and 
spores  or  reproductive  bodies  of  two  kinds,  namely,  macroconidia 
and  microconidia.  f 

Mycelium. — The  mycelium  or  plant  body  of  the  fungus  consists  of 
delicate,  colorless,  septate  threads,  which  penetrate  the  tissues  of  the 
fruit  in  all  directions,  appropriating  the  juices  for  its  own  suste- 
nance. It  is  much  more  abundant  than  the  mycelium  of  the  Macro- 
sparium,  and  differs  from  the  latter  in  being  more  slender,  lighter 
colored,  thinner  walled,  and  not  usually  contorted;  another  differ- 
ence is  that  while  the  mycelium  of  the  latter  is  confined  for  the  most 
part  to  the  surface,  that  of  the  Fusarium  is  frequently  found  in  the 
center  of  the  fruit,  and  shows  a  much  greater  tendency  to  penetrate 

badly-decayed  jwtatoes.  According  to  these  authors  this  form  consists  of  pear- 
shaped  perithecia,  within  which  the  asci  with  tlieir  contained  sporidia  are  borne. 
The  swollen  part  of  the  p^ritheoium  is  of  a  bright-purple  color  while  the  neck  is 
bright  orange.  This  form  has  been  referred  by  Reinke  and  Berthold  to  the  genus 
Hypomyoea,  and  by  careful  experiments  they  have  proved  beyond  question  that  it 
is  the  mature  stage  of  Pusamum  solani,  Mart.  This  being  the  case,  the  generic 
name  Fusarium  has  been  droi)i)ed,  and  the  name  Hypomyoes  is  now  made  to  include 
both  forms.  So  far  as  the  lire  history  of  the  fungus  occurring  upon  tomatoes  has 
been  traced  it  agrees  essentially  with  the  Fusarium  form  found  upon  the  potato. 
Moreover,  the  spores  of  the  tomato  fungus  when  sown  upon  tbe  potato  grow  readily 
We  are  not  aware,  however,  that  the  ascosporous  form  nas  ever  been  found  in  this 
country  either  upon  the  potato  or  tomato,  and  until  this  is  accomplished  the  rela- 
tionship existing  between  these  forms  can  not  be  definitely  proved. 

*Both  the  hyphsB  and  spores  are  exceedingly  variable;  at  times  the  former  are 
long  and  nodulose  and  bear  spores  which  can  not  be  distinguished  from  those  of  the 
genus  CladoBporium, 

^Macroconidia^  Uurge  oonidia  compared  with  others  {Microconidia^  produced  by 
thesame  species. 
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the  sound  tissues.  Tliin  sections,  taken  near  the  edge  of  a  rotten 
spot,  often  show  tlie  ends  of  the  mycelium  penetrating  the  tissues 
where  the  contiguous  cells  are  aj)parently  healthy  (Plate  IV,  Fig.  8). 

Macrocojiidia. — These  are  the  most  important  reproductive  bodies, 
economically  considered,  as  they  are  produced  in  prodigious  numbers 
and  doubtless  serve  for  the  rapid  propagation  of  the  fungus.  They 
develop  in  several  ways.  The  mycelium  may  rupture  the  epidermis 
in  places,  sending  out  tufts  of  club-shaped  conidiophores,  which  form 
spores  by  constriction.  The  immature  conidia  appear  to  be  merely 
the  enlarged  ends  of  mycelium  threads  (Figs.  1,  2).  In  another  form 
the  tufts  are  longer  and  denser,  the  base  and  center  appearing  like 
a  colorless  stroma,  the  conidiophores  are  branched  and  septate  (Fig. 
3),  and  each  ultimate  branch  bears  a  macroconidium.  On  old  and 
badly  diseased  tomatoes  it  is  common  for  the  mycelium  to  run  over 
the  surface,  sending  out  numerous  upright  branches,  ^ach  of  which 
bears  a  spore  at  tlie  end  (Fig.  2).  When  full  grown  they  are 
colorless,  crescent-sliaped,  nearly  cylindrical,  and  vary  in  size  from 
5  to  7^  in  diameter  by  10  to  50//  in  length  (Fig.  4J.  They  are  usu- 
ally divided  by  from  two  to  six  transverse  partitions  or  septa,  and 
are  filled  with  a  fine  granular  fluid.  Each  division  is  provided  with 
one  or  more  vacuoles,  which  increase  in  size  when  the  conidium  is 
exposed  to  moisture.  When  sown  in  water  they  will,  in  a  few  hours, 
send  out  germ  tubes  (Fig.  5  a),  and  these,  by  continual  branching 
(Fig.  5  b),  soon  develop  into  a  mycelium.  Before  germination  takes 
place  the  spores  often  become  constricted  at  the  partitions. 

Microcmiidia, — The  microconidia  (Fig.  6)  are  usually  found  in 
great  abundance  in  old  and  badly  decayed  tomatoes.  As  a  rule  they 
are  borne  upon  short  branches  of  the  mycelium,  and  are  spherical 
and  smooth  when  young  (Fig.  6  a),  but  later  become  roughened  with 
small  wart  like  projections  (Fig.  0  h).  At  first  their  color  is  a  light 
yellow ;  later  this  becomes  brown.  They  vary  in  size  from  8  to  16// 
m  diameter,  their  average  size  being  about  12//.  They  are  filled  with 
a  granular  fluid,  and  are  provided  with  several  large  oil  drops,  which 
become  more  pronounced  as  the  conidia  approach  maturity,  but  are 
not  so  well  made  out  in  the  full  green  waHy  forms.  These  micro- 
conidia do  not  germinate  readily  under  artificial  conditions,  often 
remaining  for  a  month  in  water  without  undergoing  noticeable 
change.  In  germinating  (Fig.  7)  they  send  out  one  or  more  slender 
tubes,  whicli(lo  not  materially  differ  from  those  of  the  macroconidia. 

Frequently  macroconidia  are  developed  directly  upon  these  germ- 
tubes,  and  vice  versa  microconidia  are  occasionally  developed  upon 
germ-tubes  from  the  macroconidia  (Fig.  5  c). 

VII. — LIFE  HISTORY. 

As  yet  it  is  not  definitely  known  liow  these  fungi  pass  the  winter. 
At  this  writing  (December  1)  l)ot]i  the  Mdcrosporiiim  and  Fusariuvi 
spores  can  be  found  upon  th(3  dried  and  shriveled  fruit  which  long 
ago  fell  from  the  vines.  An  abundance  of  the  spores  of  the  former 
fungus  also  occurs  ux)on  the  old  leaves  and  stems. 

Upon  a  nunibc^r  of  specimens  of  half  rotten  tomatoes  collected  in 
the  D(^})a.rtment  grounds  tlie  latter  part  of  September,  a  fungus  was 
found  wliich  seems  to  be  connected  with  the  Macrosporitivi,  As 
seen  under  the  microscope,  this  form  consists  of  rather  large  round 
or  ovoid,  dark  colored  bodie-,  which,  as  they  increase  in  size,  break 
through  the  tissues  and  appear  on  the  surface. 

In  sections  it  is  seen  that  they  are  filled  with  small  round  or  oval 
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spores  which  escape  through  an  opening  in  the  top.  Around  this 
opening,  and  upon  the  outside  wall,  numerous  tufts  of  hyphao  and 
spores  of  a  3IacrospoHum,  which  do  not  differ  from  M,  tomato,  are 
borne.  Considered  independently  the  ovoid  bodies  or  conceptacles, 
as  they  may  be  called,  would  be  referred  to  the  genus  Phyllostictay 
but  there  seems  little  reason  to  doubt  that  in  this  case  they  are  really 
a  part  of  the  Macrospoinum. 

It  is  very  probable  that  this  fungus  passes  through  several  stages 
before  finally  reaching  maturity,  and  that  one  if  not  more  of  its 
forms  will  be  found  during  the  winter  in  the  old  tomatoes  destroyed 
the  previous  summer  by  the  Macrosporium, 

In  regard  to  the  Fusarium  we  have  seen  that  at  least  two  kinds  of 
spores  are  produced.  From  the  fact  that  the  microconidia  germi- 
nate with  difficulty  it  is  very  probable  that  they  are  designed  to  pre- 
serve the  life  -of  the  fungus  during  a  greater  paiii  of  the  winter  or  un- 
der conditions  which  would  prove  fatal  to  the  macroconidia. 

During  the  month  of  September,  1888,  when  there  was  an  abun- 
dance of  fresh  material  at  hand,  a  series  of  experiments  was  made 
with  the  view  of  discovering,  if  possible,  whether  the  rot  could  be 
induced  by  sowing  the  spores  of  the  Macrosporium  and  Fusarium 
on  healthy  tomatoes.  In  the  fii*st  place,  germinating  conidia  of  the 
Fusarium  were  repeatedly  sown  on  the  uninjured  surface  of  both 
green  and  ripe  tomatoes,  but  in  no  instance  was  there  any  apprecia- 
ble effect  produced.  Conidia  were  also  inserted  under  the  skin  of 
green,  half  ripe,  and  ripe  fruit,  and  while  no  change  took  place  in 
the  case  of  the  green  and  half  ripe  specimens,  the  ripe  fruit  rotted  in 
a  few  hours.  A  microscopic  examination  of  the  tissues  of  the  latter 
showed  the  mycelium  of  the  Fusarium  running  over,  under,  and 
through  the  cells  in  all  directions  and  j^roducing  its  characteristic 
crescent  shaped  spores  in  great  numbers. 

It  has  probably  often  been  observed  that  tomatoes  crack  when  ex- 
posed to  excessive  moisture;  these  cracks  or  fissures  occur  either  at 
the  point  of  attachment  or  at  the  style  end  of  the  fruit,  but  more 
often  at  the  latter.  They  are  often  so  small  as  to  be  nearly  invisible 
to  the  naked  eye,  while  at  other  times  they  are  quite  large  and  prom- 
inent. By  way  of  experiment  spores  of  the  Fusarium  were  sown 
upon  both  green  and  ripe  fruit,  snowing  these  fissures,  and  as  a  re- 
sult the  ripe  specimens  rotted  completely  in  a  few  days  but  the  green 
fruit  was  not  affected. 

Similar  experiments  to  those  described  above  were  also  made  with 
the  Macrosporium,  spores.     In  this  case,  however,  infection  of  both 

freen  and  ripe  fruit  was  readily  effected  by  inserting  the  spores  un- 
er  the  skin  or  sowing  them  in  the  fissures  to  which  we  have  already 
referred.  When  sown  on  the  uninjured  fruit  no  effect  whatever  was 
produced. 

Another  series  of  experiments  was  undertaken  with  the  view  of 
discovering,  if  possible,  whether  the  Fusarium  spores  would  grow 
when  sown  on  green  fruit  affected  with  the  Macrosporium.  It  was 
shown  by  these  trials  that  the  spores  of  the  Fusarium,  when  sown 
on  fruit  already  partly  destroyed  by  the  Macrosporium,  grew  readily 
and  greatly  accelerated  the  disorganization  of  the  tissues. 

Summing  up  the  results  obtained  from  the  foregoing  experiments 
it  appears  (1)  that  neither  the  Fusarium  nor  Macrosporium  has  the 
power  of  penetrating  the  sound  cuticle  or  skin  of  the  tomato ;  (2)  that 
the  Macrosporium  spores,  when  brought  in  contact  with  the  exposed 
tissue  of  either  green  or  ripe  fruit,  produce  the  rot  in  a  very  short 
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time ;  (3j  that  the  Fusarium  will  grow  only  in  fully  ripe  tissues  or 
tissues  which  have  been  partly  disorganized  through  other  agents. 

VIII.  —TREATMENT. 

While  our  present  knowledge  of  the  disease  is  not  sufficient  to 
warrant  us  in  indicating  any  definite  line  of  treatment,  it  is  probable 
that  the  malady  may  be  prevented  in  a  measure  by  observing  the  fol- 
lowing precautions.  Beginning  in  the  fall  it  would  be  well  to  burn 
all  the  old  vines,  as  we  have  already  seen  that  the  spores  of  one  of  the 
fungi  at  least  occur  abundantly  on  tlie  leaves  and  branches. 

All  of  the  old  and  partly  decayed  fruit  should  also  be  burned  or 
buried,  thus  securing  the  clestruction  of  the  f un<nis  in  whatever  form 
it  may  live  over  winter.  It  would  also  be  well  to  avoid  the  excess- 
ive use  of  fresh  stable  manure,  as  our  observations  lead  us  to  believe 
that  the  fruit  on  plants  thus  fertilized  is  much  more  likely  to  crack, 
thereby  opening  a  way  for  the  fungus. 

It  is  very  probable  that  the  fruit,  as  a  rule,  is  first  infected  by  the 
spores  of  the  Macrosporiumy  which  send  their  slender  germ  tubes 
through  the  minute  fissures  usually  found  at  the  apex  or  blossom 
end  of  the  berry.  After  the  MacrosporiuTn  has  opened  the  way  the 
Fusarium  comes  in  and  assists  in  the  disorganization  of  the  tissues. 
When  practicable,  therefore,  it  would  be  well  to  destroy  the  diseased 
fruits  as  soon  as  they  appear,  thereby  destrojring  many  spores  which 
otherwise  might  possibly  infect  adjacent  fruit. 

So  far  as  we  are  aware  there  have  been  no  experiments  under- 
taken to  determine  the  value  of  fungicides  in  combating  this  disease, 
but  bv  way  of  trial  a  solution  made  bv  dissolving  one-half  an  ounce 
of  sulphuret  of  potassium  to  the  gallon  of  water  might  be  used. 
This  preparation  should  be  applied  by  means  of  a  spraying  appara- 
tus, taking  care  to  thoroughly  wet  all  parts  of  the  fruit.  The  first 
application  should  be  made  wJien  the  fruit  is  about  half  grown,  re- 
peating the  operation  at  intervals  of  ten  days  until  the  fruit  begins 
to  color. 

The  following  report  embodies  the  results  of  observations  made  on 
this  disease  at  New  Ross,  Ind.,  by  Dr.  Homer  S.  Bowers,  an  agent  of 
the  Section: 

IX.— REPORT  OF  DR.   H.   S.   BOWERS. 

The  tomato  in  this  section  has  been  remarkably  exempt  from  disease  until  within 
the  last  few  years.  Plants  which  escaped  the  dangers  from  late  spring  or  early 
summer  frosts,  occasional  ravages  of  the  cut-worm,  and  later  attacks  of  the  tomato- 
worm,  were  considered  out  uf  danger.  But  this  condition  of  things  is  now  changed, 
for  within  the  last  few  yt^ars  another  enemy,  which  seriously  threatens  the  profita- 
ble cultivation  of  this  valujible  fruit,  has  made  its  appearance  in  the  form  of  a  dis- 
ease commonly  known  as  tomato-rot. 

This  disease  usually  ai)pears  at  the  junction  of  the  style  with  the  ovary,  and  is 
first  seen  as  a  brownish  black,  scale  like  spot,  dry  and  somewhat  leathery  in  appear- 
ance, and  sunken  to  some  extent  below  the  surface.  In  a  few  days  it  spreacUover 
one-fourth,  or  perhaps  one-half,  the  surface  of  the  fruit,  sometimes  extending 
uniformly  around  the  style  scar,  but  at  other  times  developing  almost  wholly  on 
one  side,  leveling  and  depressing  the  surface  as  it  extends.  The  berry  at  the  same 
time  becomes  wilted  and  presents  a  blistered  or  scorchwi  appearance,  but  at  all 
stages  there  is  a  distinct  contrast  in  color  betw'een  the  sound  and  unsound  tissues. 
Tlie  diseased  portions  also  become  slightly  wrinkled,  and  although  they  were  before 
smooth  and  glabrous,  they  soon  become  glaucous  from  the  growth  of  a  powdery 
fungus,  which  is  always  found  in  connection  with  the  malady.  This  mold  does  not 
occupy  the  whole  of  the  diseased  portions,  but  mottles  the  surface  to  a  greater  or 
less  extent,  presenting  various  blotches  and  markings,  which  vary  in  color  from 
brown  to  a  au*ty  brownish  black. 


346  REPORT   OF   THE   COMMISSIONER    OF    AGRICULTURE. 

It  attacks  the  f iiiit  in  all^periodfl  of  dovelopment,  but  preferably  when^om  one- 
third  to  one-half  grown,  and  when  it  lias  once  made  its  appearance  it  progreeaee 
rapidly,  especially  in  those  fruits  attacked  early  in  the  season;  in  a  few  dsLjs  the 
vitality  of  the  berry  is  destroyed,  its  growth  ceases,  and  at  the  same  time  its  color 
changes  to  that  of  the  ripening  fruit. 

However  long  or  short  a  time  the  disease  may  continue  during  any  one  CTO^ving 
season,  it  in  nearly  every  case  begins  on  the  first  fruiting  stems  of  the  plant,  destroy- 
ing all  tjie  fruit  that  foi-ms  on  the  first  one  or  two  clusters,  afterwards  attacking 
only  a  single  berr}-  here  and  there. 

Littxe  difference  has  been  noted  in  tli^^  susceptibility  of  the  different  varieties, 
whether  red  or  purple,  smooth  or  con*ugated,  jmd  though  Home  slight  exempticm 
from  the  rot  is  claimed  for  the  yellow  kind»,  further  proof  is  needed  to  clearly  estab* 
lish  it. 

The  annual  loss  in  this  vicinity  for  tli<i  last  five  years  has  been  about  JWjper  cent, 
of  the  product  of  all  plants  attacked,  or  25  per  cent,  of  the  whole  crop.  So  far  as 
we  have  been  able  to  discover  the  disease  seems  to  be  pretty  generally  aisseminated 
througli  this  part  of  Indiana,  although  there  are  some  localities  of  greater  or  lesB 
extent  that  are  exempt. 

On  the  first  appearance  of  this  disease,  some  five  veal's  ago,  the  gardener  or  farmer 
whose  plants  were  mostly  allowed  to  take  their  own  course  of  growth  attributed  the 
rot  to  his  own  carelessness  in  neglecting  to  give  his  plants  support  and  to  keep  them 
from  contact  with  the  damp  soil.  A  year  or  two  of  experience  has  eradicated  this 
notion,  for  some  careful  cultivators  who  always  trained  their  plants  and  pruned 
away  all  superabundant  foliage  were  almost  as  heav^'  losers  by  the  disease  as  those 
who  gave  no  special  care  to  their  vhies. 

Tlie  rot  seems  to  l)e  most  destructive  where  the  soil  has  been  fertilized  with  tm- 
rotted  stable  manure.  But  one  exception  to  this  was  noted,  in  a  garden  where  tiie 
soil,  a  close  clay,  ha<i  not  been  manured  for  several  years  except  in  one  spot,  where 
the  slops  from  the  house  had  been  thrown.  Here  the  loss  was  about  20  per  cent, 
and  the  disease  lasted  until  well  along  in  September.  Tomatoes  grown  in  old  hot- 
beds are  much  more  subject  to  the  disease  than  those  grown  in  ordinary  garden  soil; 
in  fact,  all  the  evidence  \Yhich  we  liavc  lieon  able  to  gather  leads  us  to  believe  that 
tlie  use  of  fresh  manure  is  almost  certain  to  be  followed  by  a  severe  attack  of  rot 
At  the  time  the  disease  first  appeared  in  our  gai'den,  some  five  years  ago,  we  were 
accustomed  to  manuring  heavily  every  spring  with  stable  manure  omy  partially 
rotted,  always  pruning  and  tying  the  plants  to  branched  stakes.  The  disease  ap* 
,  peared  when  the  first  fruit  forined,  and  continued  until  probably  the  first  two  friilt- 
mg  clusters  were  cleared,  tlien  it  ceased.  This  yc^ar,  thmking  tne  soil  rich  enough, 
we  omitted  to  manure  the  ground,  and  as  a  result  we  had  but  one  plant  that  pio- 
duced  diseased  fruit,  and  tiiis  in  a  garden  where  the  disease  has  held  sway  for  at 
least  four  years.  As  to  pruning  or  not  priming,  we  can  not  learn  that  it  affects  the 
case  much  eith(T  way;  we  believe,  however,  that  m*uning  and  tying  to  stakes  or 
trellising  is  to  be  preferred  in  all  cases  to  leaving  the  vines  on  the  ground  or  even 
allowing  them  to  run  on  brush  or  frames  with<nit  i>nming. 

In  this  locality  there  has  been  little  opjK)rtunit3'  for  determining  the  infltieiice  of 
atmospheric  conditions  ujxm  the  rot.  The  seasons  have  been  mostly  dry  since  its 
advent  here,  last  summer  (18S7)  exceptionally  so,  witli  a  corresponding  high  range 
of  temperature.  What  a  really  wet  season  might  do  for  it  we  have  had  no  means  of 
estimating. 

In  the  foUo'^^'ing  notes  on  treatment  what  little  lias  been  learned  has  been  acquired 
in  a  fortuitous  way  from  observations  of  the  varj'ing  conditions  of  environment  and 
methods  of  culture,  afforded  by  soil,  location,  and  the  various  horticultural  notions 
of  different  persons.  Throughout  this  State  no  line  of  treatment  has  been  tmder- 
taken,  and  the  disease  has  been  generally  considered  by  the  i)eople  as  a  myst^oos 
dispensation  of  Providence  and  accepted  with  a  certain  amount  of  resigned  in- 
activity bom  of  a  profound  ignorance  of  the  whole  subject. 

Our  observations  seem  to  indicate  that  soil  ccmtaining  fertilizing  materia  in  great 
excess  of  the  demands  of  plant  growi;h,  and  esjiecially  if  it  is  in  a  state  of  active  de- 
composition, greatly  aggravates  tlie  rot.  In  view  of  th'.s  fiict  it  is  probable  that  by 
applying  manure  to  the  groimd  in  the  fall,  using  weU  rotted  fertilixere  and  turning 
them  under,  the  disease  may  in  a  measure  be  prevented.  The  application  of  wsbes 
will  not  prevent  it:  and  the  thi*owing  of  slops  on  the  ground,  particularly  if  the  seal 
is  heavy,  and  not  oHen  stirred,  seems  to  invite  the  attacks  of  tne  malady.    An  open, 

Eorous'soil,  rich  in  organic  plant  food  that  has  already  undergone  dec<^)m  position,  if 
ept  stirred  deep  enough  to  thoroughlv  aerate  it.  offers  but  a  poor  abiding  place  for 
the  fungus,  and  its  attacks  if  made  will  be  of  short  duration. 
Respectfully, 

H.  S.  BOWKRS. 
Hon.  N.  J.  COLMAN. 
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3. — A  Disease  op  the  Tomato. 

(Plate  IV.) 

I.— GENERAL  OBSERVATIONS. 

In  December  last  Mr.  Marcius  Wilson,  of  Vineland,  N.  J.,  sent  to 
the  Department  for  examination  some  diseased  tomato  leaves,  and  in 
a  letter  accompanying  them  he  says: 

I  send  you  a  small  package  of  tomato  leaves  from  our  greenhouses.  We  have 
about  12,000  feet  of  glass,  that  have  been  devoted  cliiefly  to  winter  tomatoes  for 
several  years  past.  The  plants  liave  already  yielded,  this  month,  several  hun- 
dred pounds  of  beautiful  rii)e  tomatoes,  and  more  are  coming  on,  but  a  peculiar 
mildew,  which  has  troubled  us  some  before  this,  now  threatens  to  destiw  the  vines 
entirely.  The  lower  leaves  of  the  vines  have  always  been  more  or  less  afltected  with 
apparently  the  same  kind  of  mildew  that  is  seen  on  tomatoes  out  of  doors,  but  gen- 
erally they  outgrow  it.  The  mildew  under  consideration  attacks  the  leaves  of  the 
terrninal  shoots.  It  appears  in  small  dark-colored  spots,  spreads  rapidly,  and  affects 
the  vigor  of  the  plants  much  more  than  the  other  kind. 

We  nave  tried  sulphur  on  the  hot- water  pipes,  and  have  dusted  it  over  the  leaves, 
but  without  any  apparent  benefit.  For  the  purpose  principally  of  absorbing  moist- 
ure and  drying  the  atmosphere,  we  have  also  dusted  Ume  very  freely  over  the 
plants,  but  nothing  as  yet  has  served  to  check  the  spread  of  the  mildew.  We  are 
now  verv  anxious  to  learn  more  about  the  character  and  cause  of  the  species,  of 
mildew  1  send  you,  and  especially  to  find  a  remedy  for  it. 

The  larger  part  of  the  vmes  in  the  houses  are  more  or  less  affected  by  the  fungus 
seen  on  the  large  leaf  from  the  lower  part  of  the  vines.  This  disease  of  the  lower 
leaves  has  affected  our  plants  for  several  years,  but  the  peculiar  dark  spots  on  the 
terminals  first  made  their  appearance  about  three  winters  ago.  Occasionally,  es- 
pecially late  in  the  fall  or  early  winter,  a  vine  affected  in  its  terminal  shoots  woiUd 
show  a  black  streak  down  the  stalk  for  a  foot  or  more,  and  large  numbers  of  such 

Slants  would  die  in  a  short  time.  This  season  but  few  of  the  vines  have  died,  but 
leir  growth  has  been  seemingly  checked.  The  plants  have  been  kept  very  dry  for 
several  weeks  past,  and  this  has  perhaps  somewhat  checked  the  development  of 
the  fungus,  but  now  we  do  not  see  that  abundant  watering  makes  much  change  in 
the  plants  affected.  A  few  weeks  ago,  during  a  light  fan  of  snow,  which  lasted 
about  twenty-four  hours,  the  fungus  spread  rapidly,  although  the  houses  were  kept 
about  as  warm  as  usual. 

Replying  to  Mr.  Wilson's  queries,  it  was  stated  that  the  tomato 
leaves  submitted  for  examination  showed  that  the  vines  were  suffer- 
ing from  the  attacks  of  a  fungus,  named  Cladosporium  fulvum*  by 
Prof.  M.  C.  Cook  in  1883,  from  specimens  sent  him  from  North 
Carolina. 

From  an  account  of  this  fungus  written  by  Mr.  C.  B.  Plowright, 
and  published  in  the  Gardeners'  Chronicle,  October  29, 1887,  it  ap- 
pears that  in  England  the  tomato  vines  have  suffered  from  its  at- 
tacks to  a  greater  degree,  even,  than  in  this  country.  The  fruit,  as 
well  as  the  foliage,  is  subject  to  the  ravages  of  the  parasite,  and  to 
illustrate  how  rapidly  it  may  spread,  Mr.  Plowright  makes  the  fol- 
lowing quotation  from  a  letter  from  one  of  his  correspondents: 

My  plants  have  l)een  very  healthy  all  the  year.  On  the  16th  I  noticed  a  few  spots 
on  the  leaves  here  and  there;  on  the  following  day  (17th)  I  took  a  walk  through  the 
houses.  On  examining  the  foliage  the  spots  were  seen  to  be  spreading  very  rapidiy. 
By  Mond^jwnorning.  the  19th,  to  m^  surprise,  every  plant  in  tne  house  was  affectea, 
but  not  many  of  the  fruit  showed  it  at  this  time.  To-day  (26th),  however,  I  found 
several  like  the  specimens  sent  herewith.  I  have  about  six  hundred  young  plants 
in  cucumlier-houses  for  the  winter.  On  looking  at  these  closely  this  afremoon,  I  see 
that  the  clisea.se  is  making  its  appearance  in  every  house. 


^Cladosporium  fuhnun,  Cke.  Grev.  1883,  p.  32.  Effusum  fulvum,  lanosum; 
hyphis  orectis,  floxuosis,  septatis,  nodulosis,  parce  ramosis,  fulvis;  conidiis  ellipticis, 
uniseptatis,  vix  constrictis,  paUide  fulvis,  hyalinus,  10-20  by  4.5//.  In  foliis  lyco- 
persici  in  Carolina  AmericsB  Borealis.  Ravenel,  No.  599. 
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The  tomato  leaves  submitted  by  Mr.  Wilson  very  clearly  show  the 
appearance  and  effect  of  the  disease  on  the  foliage.  Brownish,  felted 
spots  of  irregular  size  and  outline  appear  on  the  under  surface  of  the 
leaves  as  a  first  manifestation  of  the  disease;  these  gradually  spread, 
at  the  same  time  corresponding  points  on  the  upper  side  assume  a 
yellowish  color.  As  the  disease  progresses  the  affected  parts  become 
dark-brown  or  nearly  black,  and  as  a  final  result  of  the  action  of  the 
fungus  the  leaves  shrivel  and  dry  up. 

n.— BOTANICAL  CHARACTERS  OF  THE  FUNGUS. 

Under  the  microscope  it  is  seen  that  tlie  vegetative  portion  or 
mycelium  of  the  fungus  consists  of  delicate,  colorless,  septate  threads; 
these  are  often  found  penetrating  the  tissues  in  all  directions,  and 
occasionally  overrun  the  surface.  The  reproductive  bodies  or  spores 
are  borne  upon  erect  branches  which  spring  f  r<dm^  the  mycelium  in 
dense  tufts  (Plate  IV,  Fig.  9).  They  vary  considerably  in  size  and 
shape,  being  oval  or  elliptical  when  full  grown,  10  to  18/^  in  length 
by  4  to  7  /^  in  diameter  (Fig.  10).  They  are  usually  divided  near  the 
middle  by  a  transverse  septum  or  wall.  They  germinate  readily  in 
water  or  moist  air  by  sending  out  one  or  more  slender  germ-tubes, 
which  rapidly  increase  in  length,  soon  developing  into  a  mycelium 
like  that  irom  which  they  were  derived  (Fig.  10  a). 

The  hyphsB  are,  as  a  general  thing,  very  irregular  in  length  and 
diameter,  and  are  often  provided  with  tooth-like  or  swollen  projec- 
tions on  the  sides  upon  which  a  chain  of  from  three  to  five  spores  are 
borne  (Fig.  11  a). 

According  to  Dr.  Halsted  *  this  fungus  occurs  abundantly  upon 
the  leaves  of  tomatoes  grown  in  open  air  in  the  vicinity  of  Ames, 
Iowa.  In  1883  some  experiments  were  made  at  the  latter  place  to 
determine,  if  possible,  wliether  the  spores  from  the  leaves  would, 
when  sown  upon  the  fruit,  produce  rot.  Portions  of  the  affected 
leaves  were  attached  to  healthy,  green  tomatoes;  spores  were  removed 
with  a  knife  and  pjlaced  in  a  cavity  of  the  stem,  or  on  the  blossom 
end,  according  to  circumstances.  Other  tomatoes  had  a  cross  made 
in  them  with  a  knife  just  through  the  skin,  while  others  with  the 
skin  cut  in  the  same  manner  had  the  spores  of  the  Cladosporium 
placed  on  the  exposed  tissues  of  the  tomato. 

In  two  instances  the  rot  quickly  followed  the  application  of  the 
spores  to  the  green  tomatoes  whilel  on  the  vines.  In  one  case  the 
d^cay  was  pronounced,  the  sowing  having  been  made  in  a  depression 
at  the  stem  attacliment,  which  was  upijermost.  The  rot  that  ap- 
peared at  this  point  soon  destroyed  the  uerry  and  spread  to  others  m 
contact  with  it.  The  green,  partly  grown  fruit  that  was  removed 
and  left  without  any  treatment  remained  in  a  healthy  condition  for 
a  long  time.  The  tomatoes  that  were  cut  and  not  sown  with  any 
spores  kept  in  good  form,  and  the  exposed  surfaces  quickly  searert 
over.  The  fruit  with  similar  incisions  and  having  spores  from  the 
leaves  rubbed  upon  it,  soon  began  to  rot  at  the  cut  surface  and  was 
shortly  decayed  throughout.  In  like  manner  th©  tomatoes  having 
two  crosses  began  to  decay  at  the  incisions  sown  with  the  fungus, 
while  those  free  from  the  spores  dried  on  the  surface  and  became 
healed  over. 

With  our  present  limited  knowledge  of  the  habits  of  this  fungus 
it  is  impossible  to  indicate  any  definite  line  of  treatment.     It  is  prob- 

^  »  ^—  *■  ■■     -    —  —  -  —      — —         ■  -  —  ■  —      -  -     --■    . 

*  Ptoceedings  of  the  Society  for  the  Promotion  of  Agricultural  Science,  1883,  p.  42. 
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able,  however,  that  we  may  succeed  in  saving  tomato  plants  grown 
under  glass  by  spraying  the  foliage  with  a  solution  of  sulphuret  of 
potassium,  one-half  an  ounce  of  potassium  to  the  gallon  of  water. 

To  be  effective  this  preparation  should  be  applied  frequently — say 
once  every  ten  days — beginning  when  the  plants  are  small  and  before 
they  become  crowded,  hi  no  case  should  the  spraying  be  deferred 
until  the  fungus  has  made  its  appearance,  as  it  will  then  be  too  late 
to  produce  any  beneficial  results.  The  fungus  is  more  likely  to  at- 
tack plants  under  glass  which  have  been  subjected  to  sudden  changes 
'  of  temperature  such  as  mav  be  caused  in  winter  by  the  fires  becom- 
ing low  or  too  much  ventilation  during  cold,  and  especiall}'-  windy 
weather.  Care  should  be  taken,  therefore,  to  keep  the  temperature 
as  nearly  even  as  possible,  and  as  tomatoes  require  considerable  heat 
this  is  quite  a  difficult  task,  especially  in  the  North. 

4. — Brown-rot  op  the  Cherry. 

Mo n  ilia  fruct igena,  Pers. 

(Plates  V,  VI.) 

I.— GENERAL  OBSERVATIONS. 

Or  all  the  diseases  that  affect  the  cultivated  cherry  the  one  here 
designated  as  Brown-rot  is  without  doubt  the  most  wide-spread  and 
destructive.  This  malady  occurs  throughout  the  entire  country,  and 
the  losses  resulting  from  its  attacks  are  frequently  very  great.  From 
the  information  which  we  have  been  able  to  gather  from  various 
sources  we  infer  that  while  nearly  all  fruit-growers  are  familiar 
with  the  effects  of  this  disease  there  are  few  who  know  its  cause. 

Mycologists,  however,  have  known  for  a  long  time  that  it  is  due 
to  the  presence  of  a  minute  parasitic  fundus  which,  owing  to  its  wide 
distribution,  together  with  the  fact  that  it  occurs  upon  quite  a  num- 
ber of  ])omaceous  and  other  fruits,  has  received  many  names.* 

The  first  account  of  the  fungus  worthy  of  note  was  published  in 
1870  by  Von  Thiimen  in  his  Fungi  Pomicoli,\  In  1885  it  was  again 
made  the  subject  of  a  paper  by  W.  G.  Smith  in  the  Gardeners'^ 
Chronicle, X  and  the  same  year  I^rof.  J.  C.  Arthur  published  a  de- 
tailed description  of  its  habits  in  the  fourth  report  of  the  New  York 
Agricultural  Experiment  Station.;^  It  is  held  by  some  mycologists 
that  it  occurs  only  upon  fruits  which  have  previously  been  iniured 
by  insects  or  other  agents,  but  careful  investigatiohs  have  shown 
tne  fallacy  of  this,  for  it  is  known  that  the  parasite  attacks  not  only 
sound  and  immature  fruit,  but  often  destroys  leaves,  flowers,  and 
even  young  branches.  |t 

*Agrosporium  fruct igenum,  Pers.,  Oospora  caiidida,  Wallr,,  Oidirnr^  WcUlrothiif 
Thilrn.,  Oidiumfvuctigeiiunij  E.  &  K.,etc. 

t  Page  22.  ^ 

\  Page  52. 

k  Page  280. 

[Von  Thunion  (Fungi  Pomicoli,  p.  23)  asserts  that  the  fungus  really  possesses  anti- 
septic qualities.  According  to  his  statement  pears  thoroughly  covered  with  the 
fungus  will  remain  for  weeks  upon  moist  ground  without  decaying,  whereas  those 
free  from  the  parasite  show  signs  of  decomposition  in  the  course  of  a  few  days  when 
exposed  to  similar  conditions.  Hallier  (Wiener  Obst-und  Gartenztg.,  1876,  p.  117} 
explains  this  bv  assuming  that  the  MonUia  prevents  the  access  of  yeast  fungi  and 
other  agents  o^  rapid  decay. 
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II.— EXTERNAL  CHARACTERS. 


On  the  flowers, — The  fungus  makes  its  appearance  on  the  flowers 
soon  after  or  about  the  time  the  petals  fall.  At  first  a  slight  discol- 
oration appears  at  a  given  point;  this  rapidly  increases  in  size  until 
at  length  the  entire  flower  assumes  a  brownish  hue. 

After  killing  the  flower  the  fungus  frequently  attacks  the  pedicels 
where  it  produces  similar  discolorations  to  those  described  above. 
The  dead  flowers  usually  remain  on  the  tree  for  three  or  four  weeks^ 
then  if  the  weather  is  wet  they  be^in  falling,  and  as  they  consist  at 
this  time  of  a  soft  mass  of  rotten  tissue  they  stick  to  any  part  of  the 
tree  with  which  they  come  in  contact.  Many  fall  upon  the  leaves 
and  youn^  fruit  and  become  so  firmly  attachea  that  no  ordinary  rain 
or  wind  will  remove  them  (Plate  V,  Fig.  3  c  c). 

Careful  experiments  have  shown  that  the  rotting  flowers  are  higlily 
infectious,  and  that  wherever  they  touch  the  leaves  or  fruit  decay  sete 
in. 

On  the  leaves. — Here  the  presence  of  the  fungus  is  first  made  mani- 
fest by  a  slight  discoloration  of  the  tissue  around  the  point  or  infec- 
tion; this  gradually  enlarges  and  at  the  same  time  the  normal  healthy 
freen  color  changes  to  reddish-brown.  The  diseased  spots  are  visi- 
le on  both  sides  of  the  leaf,  being,  however,  usually  more  distinct 
upon  the  upper  surface.  They  have  no  regular  shape  and  their  out- 
line is  not,  aS'a  rule,  sharply  defined  (Plate  V,  Figs.  1,  2).  During 
wet  weather  the  spots  on  the  upper  surface  are  frequently  studded 
with  little  tufts  of  the  fungus;  these  usually  have  a  mealy  or  pul- 
verulent appearance,  and  are  easily  washed  off  by  rain  or  removed 
by  the  wind. 

On  the  fruit. — As  in  the  case  of  the  leaves,  the  fruit  is  often  in- 
fected by  means  of  the  diseased  flowers.  At  first  there  appears  a 
brownisn  circular  spot  on  one  side  of  the  cherry;  this  rapidly  enlarges 
and  soon  the  entire  fruit  becomes  brown,  shrunken,  and  soft.  Ulti- 
mately the  stalk  which  supports  the  fruit  is  attacked,  and  finally  the 
whole,  the  stalk  and  the  fruit,  either  falls  to  the  ground  and  dries 
up,  or  remains  hanging  on  the  tree  throu^iiout  the  summer,  or,  as 
frequently  happens,  until  the  following  spring  (Fig.  3  a).  The  fruit 
is  often  covered  with  tufts  of  the  fungus  similar  to  those  occurring 
upon  tne  leaves,  and  while  in  this  condition  they  are  highly  infec- 
tious, causing  all  the  fruit  with  which  they  come  in  contact  to  rot, 

m. — BOTANICAL  CHARACTERS. 

The  fungus  consists  of  a  vegetative  portion  or  mycelium  and  spores 

>r  reprDductive  bodies. 

^7C^/ntm.— The  mycelium  traverses  the  tissues  of  the  fruit,  leaves, 

_  ^wers,  as  the  case  may  be,  in  all  direction^,  and  under  its  action 

ne  external  effects  described  above  are  produced.     In  addition  to  the 

•herry  the  mycelium  was  examijied  in  the  peach  au'^  Hpple.     In  the 

jeach  it  is  thin- walled,  septate,  of  var;  't^^,    Tiqni^^«^         \  its  contents 

'Te  filled  with  vacuoles  (Plate  VI,  Fi^  "v        ^.^        ind  mainly 

«etween  the  cells,  but  in  some  cases  ii     .wxnc^  (.v-  na>      jenetrated 

liem.    The  cells,  >^^wever,  were  e^"^'^vwi  »t»o  ppr^mea^'^'^    vith  a  very 

iT»^  m^  ^i^linm  '"^^^       ^  and  in  ^*^^         ^      ^^       ^        -'^med  to  be 

*^^Ti*,  f,    *h^    "^'\rser  kir' 

^        "      -tyo,       lis  cr***^  •  ji-wc-        •     A^.i^iu  was  also 

.    .   Mc^r  ..   '^iTYi* .  .p'^nrar.        ^>  ^^'^Pv  different. 
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In  tlie  latter  case  the  mycelium  between  the  cells  was  very  thick" 
walled,  so  that  the  contents  appeared  like  a  fine  thread  running 
througli  the  center  (Fig.  2)  and  not  occupying  more  than  one-sijctn 
the  diameter  of  the  thread.  The  walls  had  a  shining,  white  appear- 
ance,  making  the  mycelium  very  prominent  wherever  it  occurred. 
This  was  not  seen  in  the  cells,  but  Doth  inside  and  outside  there  waB 
an  abundance  of  the  fine  mycelium  already  described,  which  hM 
about  the  diameter  of  the  contents  of  the  large  filaments,  and  Walls 
that  are  scarcely  visible. 

Where  the  epidermis  is  separated  from  the  tissue  by  the  pressure 
of  the  stroma  at  the  base  of  Ihe  fruiting  tufts  there  is  often  a  trianr 
gular  empty  space  entirely  around  the  stroma,  and  this  space  con- 
tains great  numbers  of  these  fine  threads.  The  union  of  tnese  with. 
the  coarser  threads  is  shown  bv  the  fact  that  the  latter  may  be  seen 
to  run  out  into  the  fine  threads  (Fig.   2  6)»     The  transition  is  not 

fradual;  the  walls  suddenly  disappear  and  only  the  contents  seem  to 
e  continued,  but  careful  focussing  will  sliow  that  the  walls  are  really 
present  but  so  thin  as  not  to  be  seen  readily.  In  two  cases  what 
seemed  to  be  the  passage  of  the  my  celium  into  the  cell  was  observed. 
The  appearance  is  shown  in  Fig.  2  a.  Directljr  opposite  the  point 
where  the  coarse  mycelium  comes  in  contact  with  the  cell  wall  is  a 
small,  round  hole  just  large  enough,for  one  of  the  fine  threads  to  pad8 
through. 

The  union  of  either  the  fine  or  coarse  threads  with  the  stroma  was  not 
followed  out,  but  both  are  very  numerous  all  around  it.  The  stroma 
is  composed  at  the  base  of  thin- walled  pseudo-parenchyma  that  merges 
into  parallel  threads  having  the  same  structure  as  the  thin-walled 
mycelium  of  the  fresh  peach  and  apple.  These  hyphee  push  up  through 
the  epidermis  (Fig.  I),  branch  and  diverge,  and  finally  eacn  beard's 
chain  of  spores;  the  chain  of  spores  may  also  branch.  The  spores 
multiply  from  the  end  of  the  chain  so  that  the  terminal  one  is  the 
youngest. 

Spores. — The  spores  are  one-celled,  colorless,  and  filled  withaffran- 
ular  protoplasm  (Figs.  5,  7).  Their  shape  differs  a  little  on  different 
hosts,  but  they  may  generally  be  described  as  oval.  They  germinate 
readily  in  moist  air  or  water,  producing  a  germ  filament  which  is 
filled,  with  a  granular  substance  like  the  spores  and  contains  occasional 
septa  (Figs.  5,  G). 

The  germ-tubes  from  isolated  spores  often  grow  to  a  considerable 
length  before  branches  are  formed ;  this  ultimately  takes  place,  how- 
ever, and  by  continual  growth  the  tubes  finally  develop  into  a  myce- 
lium which  does  not  differ  from  that  found  in  the 'diseased  tissues. 
When  several  spores  in  close  proximity  germinate^  the  tubes  there- 
from often  coalesce  with  one  another  in  tne  following  manner :  the 
tips  of  lateral  branches  sent  out  from  the  main  tubes  come  in  contact 
with  each  other,  and  where  this  occurs  the  walls  of  each  disappear 
and  the  now  united  branches  consist  of  a  continuous  tube  holding 
the  main  filaments  together  (Fig.  5).  Frequently  a  lateral  branch 
comes  in  contact  with  the  main  tube  from  another  spore,  and  in  such 
cast's  tlie  walls  of  each — the  main  tube  and  the  branch — disappear 
and  a  complete  union  is  thus  effected. 

The  spin-es  are  capable  of  retaining  their  vitality  for  a  long  time; 
spec-inions  collected  in  July,  188G,  furnished  spores  which  germinated 
in  May,  1H8S. 

Spoios  from  cherries  which  had  hung  on  the  tree  for  a  year  germi- 
nated readily  in  moist  air,  and  when  sown  upon  the  young  leaves  and 
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flowers  they  soon  developed  to  such  extent  as  to  produce  the  charac- 
teristic discolorations. 

In  order  to  test  the  effect,  if  any,  pf  sulphate  of  copper  and  liver 
of  sulphur  upon  the  germination  of  the  spores,  the  latter  were  sown 
in  solutions  of  these  substances  having  various  strengths.  It  was 
found  that  a  one-fifth  per  cent,  solution  of  copper  was  sufficient  to 
prevent  the  spores  from  germinating.  A  one  per  cent,  solution  black- 
ened and  shriveled  the  spores  to  sucn  an  extent  that  they  were  scarcely 
recognizable.  The  copper  solution  seems  to  destroy  the  vitality  of 
the  spores  entirely,  as  the  latter  rarely  germinate  after  being  ex- 
posed a  very  short  time  to  the  action  of  the  substances.  Liver  of  sul- 
phur gave  practically  the  same  results  as  the  sulphate  of  copper; 
some  of  the  spores  germinated  in  a  one-fifth  per  cent,  solution  of  this 
substance,  and  further  investigation  showed  that  very  few  developed 
in  a  one-twentieth  per  cent,  solution. 

IV. — TREATMENT. 

A  knowledge  of  the  nature  and  habits  of  the  fungus  of  brown-rot 
enables  us  to  suggest  several  methods  of  combating  it.  In  the  first 
place  the  fruit  killed  by  the  parasite,  whether  cherries,  apples,  or 
peaches,  should  not  be  allowed  to  remain  on  the  tree  over  winter  as 
we  have  already  seen  that  every  one  of  the  apparently  lifeless  fruits 
harbors  many  thousand  spores.  As  soon,  tnerefore,  as  the  leaves 
have  fallen  all  of  the  shriveled  fruit  should  be  removed  from  the 
tree  and  destroved  either  by  burning  or  burying.  It  would  also  be 
well  to  burn  all  the  old  leaves,  twigs,  and  fruit  that  may  have  accu- 
mulated beneath  the  trees. 

It  is  very  probable  that  many  spores  of  the  fungus  live  over  winter 
in  the  crevices  of  the  bark,  and  in  order  to  destroy  these  the  trees 
should  be  sprayed  in  the  spring,  bef Q<re  the  buds  have  commenced  to 
expand,  with  a  solution  made  by  dissolving  4  pounds  of  sulphate  of 
iron  in  5  or  G  gallons  of  water.  About  the  time  the  flowers  are  open- 
ing the  trees  should  again  be  sprayed,  this  time  using  a  solution  of 
suTphuret  of  potassium,  one-half  ounce  of  the  potassium  to  the 
gallon  of  water.  A  second  application  of  this  solution  should  be 
made  at  about  the  time  the  cherries  are  beginning  to  form,  repeating 
the  operation  at  intervals  of  two  weeks  until  the  fruit  begins  to  color. 

For  applying  the  foregoing  preparations  a  good  force-pump  fitted 
with  spraying-nozzles  is  required.  The  Nixon  pumps  and  nozzles 
manufactured  at  Dayton,  Ohio,  will  probably  be  found  as  cheap  and 
efficient  as  any  in  tne  market  for  this  purpose.  These  machines, 
together  with  others  designed  for  similar  work,  have  been  quite  fully 
described  by  Professor  Riley  in  a  number  of  preceding*  reports  of 
this  Department. 

5. — The  Powdery  Mildew  of  the  Cherry. 

PodosphcBva  oxycantha  (D.  C),  DeBary. 

(Plate  VII.) 

I.— GENERAL    REMARKS. 

Among  the  parasitic  fungi  which  attack  cultivated  plants  the 
powdery  mildews  or  Erysiphece^  hold  a  prominent  place;  the  native 
vegetation  is  also  much  infested  with  them  and  it  is  very  probable  that 

*  Annual  Report  1881-'82;  Bulletin  No.  10  Entomological  Division,  p.  57. 
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in  many  cases  they  have  been  transferred  from  the  latter  to  the 
former.  Like  many  of  the  members  of  this  group  the  powdery  mildew 
of  the  cherry  attacks  plants  belonging  to  several  genera,  and  it  is  also 
somewhat  variable  in  its  microscopic  characters.  These  facts  have 
led  botanists  to  give  it  a  number  of  names. 

History. — It  was  first  named  and  described  by  De  CandoUe,* 
who  found  the  species  on  the  hawthorn  {Cratcegus  oxycantha)  and 
called  it  Erysiplie  oxycanthce.  Later  DeBary  f  with  a  different  un- 
derstanding of  the  genus  changed  the  name  to  PodosphcRra  oxycan- 
tha. Wallroth,!  a  German  botanist,  described  the  same  fungus  on 
the  species  of  Prunus  (cherry)  as  Alphitomorpha  trydactyla,  and  Do 
Baryg  afterwards  made  this  name  PodosphcBra  trydactyla.  The 
form  on  the  huckleberry  ( Vaccinium)  was  also  described  as  distinct 
and  named  PodosphcBva  myrtillina  (Schubert)  Kunze.  The  form  on 
Spirea  was  considered  a  good  species  and  named  Podosphcera  minor 
by  Howe.  ||  Earle,  in  a  revision  of  the  American  forms  of  Podo- 
sphoi^ra  and  a  comparison  of  the  European  has  shown^  that  all  these 
belong  to  one  widely  variable  species  whose  characters  nevertheless 
are  as  well  defined  as  several  other  species  of  the  group.  Still  later 
Miss  Martha  Merry**  demonstrated  that  the  so-called  Microsphczra 
fulvofidcra  described  by  Cook  from  California  specimens  on  Spirea, 
is  identical  with  the  form  on  the  same  genus  of  host  plants  called  by 
Howe  Podosphcera  minor.  In  the  selection  of  the  name  for  the  spe- 
cies as  a  whole  the  oldest  available  name,  Podospha^ra  oxycantha,  the 
one  for  the  form  on  Cratcegus,  was  chosen. 

Host  plants  and  distrihiiUon. — This  fungus  occurs  commonly  in 
the  eastern  and  central  portions  of  the  United  States,  and  is  reported 
from  the  Rocky  Mountains  and  California. 

Young  cherry  trees  are  the  chief  sufferers  from  its  attacks,  but  it 
also  does  considerable  harm  to  the  peach  and  to  young  apple  trees  in 
the  nursery,  and  occasionally  seriously  injures  the  quince.  It  is  of 
very  common  occurrence,  but  fortunately  does  not  usually  get  under 
headway  until  the  trees  have  made  their  growth  and  are  past  serious 
injury.  The  fungus  has  been  found  on  the  following  host  plants, 
ali  of  the  order  RosacesB,  except  the  species  of  Vaccinium  and  per- 
simmon: 

Red  cherry  {Prunus  cerasus),  Garden  plum  (P.  domestica),  Wild 
red  cherry  (P.  Pennsylvanica),  ft  Wild  red  and  yellow  plum  (P. 
Americana),  Small  bird-cherry  (P.  padus),  Sloe  or  blackthorn  (P. 
spinosa,  P.  demissa),  Choke  cherry  (P.  Virginiana),  Peach  {P.per- 
sica)y  Apple  {Pirus  maJus),  Crab  apple  (P.  coronaria),  Quince  (Cy- 
donia),  English  Hawthorn  {Cratcegus  o.x?/can^?ia),  Hardback  {Spirea 
tomeniosa).  Meadow  sweet  {S.  salicifolia),  Douglas's  Meadow  sweet 
'S.  Doucjlasii),  Shad-bush  {Amelanchier  Canadensis),  Blueberry 
[Vaccinium myrtiUus,  V.  idiginosum).  Persimmon  {Diospyrus  Vir- 
giniana).XX 

*  Flore  Franc,  VI,  p.  100.  ' 

t  Beitrage  III,  p.  48. 

X  Flore  Crypt.  Germ.,  Ill,  p.  753. 

^  Beitrage  III,  p.  48. 

jIBulletin  of  Torrey  Botanical  Club,  V,  p.  3. 

■[  Botanical  Gazette,  IX,  p.  24. 

**Botanical  Gazette,  IXI,  p.  189. 

tf  Found  by  the  writer  on  this  host  in  Illinois,  September,  1888. 

XX  Rose,  J.  N.     Botanical  Gazette,  XI,  p.  61. 
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n.— EXTBANAIi  CHARACTERS. 

The  disease  has  been  observed  in  Missouri  as  early  as  the  Ist  of 
Juue,*  but  usually  it  does  not  develop  sufficiently  to  attract  attention 
until  July.  During  the  latter  part  of  summer  and  autumn  it  reaches 
ite  greatest  development.  It  is  first  noticeable  on  the  young  leaves 
ana  tender  shoots  as  small,  round,  or  irregular,  whitish  olotches  hav- 
ing a  radiated  appearance.  The  spots  soon  spread  and  run  together, 
covering  indefinite  portions  of  the  foliage  or  more  often  running 
over  tiie  entire  leaf.  As  the  fungus  spreads  the  radiated  appearance 
disappears.  The  threads  meantime  branch  profusely  and  cross  each 
other  in  all  directions,  forming  an  even  white  felt  which  may  be  very 
thin  or  so  dense  as  to  entirely  conceal  the  green  color  of  the  leaf. 
The  denser  portions  then  become  covered  with  a  whitish  powder,  and 
still  *  later  the  threads  give  rise  to  minute,  black,  spherical  bodies 
iust  visible  to  the  naked  eye.  The  fungus  grows  on  both  sides  of 
the  leaf,  in  some  cases  indifferently  on  either  surface,  but  usually  a 
decided  preference  is  shown  for  but  one.  On  one  tree  the  upper 
side  of  tne  leaves  will  be  badly  infested  while  the  under  side  will 
have  scarcely  a  trace  of  it;  another  tree,  perhaps  in  the  same  orchard, 
and  only  a  few  feet  away,  will  be  badly  mildewed  on  the  under  side 
with  little  on  the  upper.  Frequently  the  black  spherical  fruits  of 
the  fungus  are  found  abundantly  on  the  leaves,  usually  the  under 
side,  with  only  a  very  scanty  development  of  the  white  threads. 
From  this  condition  very  little  damage  results  to  the  plant,  and  it  does 
not  present  the  characteristic  mildewed  appearance.  Probably  in  this 
instance  the  leaf  is  pretty  well  matured  before  the  fungus  attacks  it. 
On  the  other  hand  the  j)rincipal  damage  to  fruit  trees  results  from 
the  attacks  on  the  growing  tips  and  young  leaves.  Here  the  coat- 
ing of  the  fungus  is  usually  quite  pronounced  and  the  mealy  ap- 
pearance mentioned  above  is  most  prominent.  This  most  destructive 
form  of  the  fungus  usually  bears  but  a  few  of  the  spherical  spore 
cases  and  often  tails  to  produce  any  before  frosts  put  an  end  to  the 
season's  growth. 

ra.— BOTAIflCAL  CHARACTERS. 

The  white  felt  which  creeps  over  the  surface  of  the  leaves  is  the 

vegetative  portion  or  plant  body  of  the  parasite.     It  consists  of 

blender,  branching,  septate,  white  threads,  and  is  termed  the  myce- 

ium.    These  filaments  are  about  4/**  in  diameter.    They  do  not  pene- 

rate  the  host,  but  send  down  small  suckers,  called  haustoria  (Fiff.  6), 

nto  the  epidermal  cells.    The  fimgus  is  entirely  destitute  of  chioro- 

Dhyll  and  depends  wholly  on  the  plant  upon  which  it  grows  for  its  sup- 

X)rt.     The  haustoria  absorb  the  juices  from  the  host  cells  and  trans- 

•»it  the  material  to  the  mycelium  where  it  is  used  in  the  development 

.J.  the  fungus.     As  the  development  of  the  parasite  proceeds  certain 

ather  thick  branches  called  conidiophores  arise  from  the  mycelium 

-nd  assume  a  vertical  position.     A  transverse  partition  forms  near 

tie  end  of  a  branch,  and  the  cell  so  isolated  becomes  somewhat 

— inded,  and  finally  falls  off.     The  spore  thus  formed    is  called  a 

•    i'lm  (Fig.  4  c  d).     In  the  mean  time  similar  partitions  have  been 

.11.  .^  successively  from  the  end  of  the  filament  downward,  so  that 

iiHia  occur  in  all  stages  of  formation  and  give  to  the  conidiophore 

•*v,*A  iform  appearance  (Fig.  4). 


II. 
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Some  of  the  conidia  reach  a  suitable  place  for  germination  and 
start  the  fungus  in  a  new  place.  As  the  conidia  are  exceedingly 
small  they  are  carried  about  by  currents  of  air  or  by  insects  to  ad- 
joining trees. 

These  spores  serve  for  the  rapid  spread  of  the  fungus  during  sum- 
mer. Later  in  the  season,  usually  during  summer,  the  dark  colored 
spore-bearing  bodies  called  perithecia  develop  at  points  where  two 
filaments  cross.  Like  the  seeds  of  higher  plants  tneir  development 
is  the  result  of  an  act  of  fertilization. 

The  young  sporocarp  or  perithecium  is  colorless,  or  nearly  so,  but 
as  it  grows  larger  it  becomes  yellowish,  finally  brownish,  and  when 
mature  it  is  very  dark  brown  or  nearly  black  and  opaque. 

The  fully  developed  perithecium  (Fig.  1)  is  spherical  when  viewed 
from  above,  but  the  side  toward  the  leaf  is  much  flattened,  so  that 
the  object  represents  slightly  more  than  half  a  sphere.  The  surface 
is  covered  with  numerous  reticulations  which  indicate  the  cells  of 
which  it  is  made  up.  Each  cell  is  rounded  outward,  so  that  the  peri- 
thecium is  covered  with  hemisplierical  protuberances  or  blunt  conical 
projections.  From  some  of  the  cells  of  the  upper  part  of  the  peri- 
thecium arise  peculiar  outgrowths  or  appendages,  characteristic  of 
the  Erysiphece.  They  are  septate,  that  is,  consist  of  several  cells,  the 
lower  of  which  are  tinted  brown  while  the  upper  and  longer  cell  is 
colorless.  This  ends  in  a  peculiar  dichotomously  branched  tip  (Fig. 
2).  While  many  of  the  api)endages  are  highly  developed  and  several 
times  branched,  others  have  this  character  but  slightly  developed,  or 
entirely  wanting,  and  end  in  a  blunt  point.  The  appendages  vary  in 
number  from  eight  to  twenty;  sometimes  there  are  only  three  or  four. 
They  are  usually  arranged  in  a  circle  around  the  upper  part  of  the 
perithecium,  but  are  sometimes  clustered  at  the  top  and  extend  iip- 
ward  in  an  oblique  direction.  The  perithecium  contains  a  single, 
large,  transparent  spore  sack  (Fig.  3  a)  called  an  oscils,  in  which  may 
be  seen  eight  elliptical  ascospores  (Fig.  3  b).  With  the  exception  of 
the  thin  places  in  the  walls  of  the  asci  at  each  end  there  is  no  provis- 
ion for  the  escape  of  the  spores  except  by  the  breaking  up  of  the  peri- 
thecia the  following  spring  from  decay. 

Little  has  been  ascertained  concerning  the  germination  of  these 
spores  br  the  processes  by  which  the  fungus  first  starts  on  <^e 
leaf. 

In  many  of  the  specimens  examined  small  bodies  were  found  re- 
sembling perithecia,  but  more  delicate,  thinner  walled,  lighter  col- 
ored, and  made  up  of  smaller  cells  (Fig.  6).  These  are  not  of  a 
constant  size  or  shape,  but  were  usually  ovate  or  elliptical,  and  under 
pressure  discharge  from  the  apex  numerous  small  elliptical  spores 
[Fig.  6).  They  were  supposed  for  a  long  time  to  be  a  part  or  the 
■ungus,  that  is,  one  kind  of  its  spore-producing  bodies,  but  are  now 
known  to  be  a  parasite  on  the  mildew.  We  have  here,  then,  a  case  of 
a  parasitic  fungus  growing  on  another  parasitic  fungus.  This  par- 
asite was  first  discovered  by  Cessati,  who  found  it  in  connection  with 
the  grai)e  mildew,  and  called  it  Ampeloynyces  (pmqvalisf  This 
opinion  was  overruled  and  the  fungus  was  considered  one  of  the 
fruiting  forms  of  the  mildew  until  DeBary  investigated  it  and  dem- 
onstrated that  it  was  a  parasite  on  the  mildew  and  not  a  part  of  it. 
DeBary  named  it  Cineinoholus  Cessatii,  It  occurs  on  various 
species  of  Erysiphece,  and  was  found  quite  commonly  on  the  speci- 
mens of  Fodosphcera  examined.     In  one  instance  a  leaf  supposed 
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to  be  covered  with  the  perithecia  of  Podosphcera  showed  upon  exam- 
ination only  the  smaller,  lighter-colored  perithecia  of  Cincinoholus. 
In  many  instances  it  doubtless  greatly  prevents  the  spread  of  the 
mildew. 

Conditions  favor  ing  the  devplopmont  of  the  fungus, — The  members 
of  this  family  thrive  best  during  warm,  dry  weather,  and  the  species 
under  consideration  seems  to  be  no  exception  to  the  rule.  In  the 
Mississippi  Valley  vegetation  suffered  greatly  from  drought  dur- 
ing the  years  1887  and  1888,  and  in  ccmsequence  the  mildews  had  an 
unusual  opportunity  for  development.  In  the  latter  year  the  cherry 
fungus  was  very  abundant  in  Illinois,  doing  considerable  damage  to 
young  trees.  A  light  rain,  giving  the  conidia  a  chance  to  germi- 
nate, followed  by  along,  dry  spell,  is  probably  the  best  time  tor  the 
fungus  to  develop.  On  the  other  hand  seasonable  rains  and  other 
conditions  favoring  the  proper  growth  of  vegetation  are  probably 
the  conditions  least  favorable  to  the  parasite.  It  is  a  question 
whether  the  greater  development  of  the  mildews  during  a  dry  season 
is  due  to  the  direct  action  of  these  conditions  on  the  fungus  itself ,  or 
whether  the  explanation  is  to  be  found  in  the  weakened  vitality  of 
the  host.  Both  these  influences  must  probably  be  taken  into  ac- 
count. Plant  parasites,  however,  have  a  way  of  appearing  very 
abundantly  in  certain  seasons  and  in  certain  places  without  any  evi- 
dent reason. 

V. — TREATMENT. 

On  account  of  their  manner  of  growth,  which  as  we  have  seen  is 
almost  entirely  on  the  outside  of  the  leaves,  the  powdery  mildews 
are  easily  reached  and  destroyed  by  fungicides.  So  far  as  we  are 
aware  no  experiments  have  been  made  with  the  view  of  finding  a 
remedy  for  the  species  under  consideration,  but  as  the  powdery  mil- 
dews are'much  alike  in  their  structure  and  mode  of  growth  it  is  rea- 
sonable to  suppose  that  the  treatment  would  be  similar  for  all. 

Sulphur,  as  is  well  known,  has  been  successfully  used  in  the  treats 
ment  of  the  powdery  mildew  of  the  grape  and  rose,  and  it  would  no 
doubt  be  a  successful  remedy  for  this  species.  The  material  must  be 
in  a  finely  powdered  condition  and  be  dusted  over  the  diseased 
parts. 

From  the  numerous  liquid  fungicides  the  following  have  been 
selected  as  most  suitable  for  use  in  this  case,  principally  on  account 
of  their  success  in  combating  the  mildew  on  the  grape  and  rose. 
They  are  recommended  in  the  order  in  which  they  are  given,  and 
should  all  be  applied  to  the  plants  in  the  form  of  a  fine  spray. 

Sidphnret  of  potassium  (I^otassium  sulphide). — Simple  solution  in 
water.  About  one-half  ounce  to  the  gallon.  Experiments  conducted 
by  the  Section  this  year  (1888)  show  conclusively  that  this  remedy 
will  not  only  prevent  the  powdery  mildew  of  the  grape  but  will  de- 
stroy it  when  under  headway.  At  the  New  York  Agricultural  Ex- 
periment Station  during  the  j^resent  year  Mr.  E.  S.  Goff  has  found  it 
successful  in  the  treatment  ot  the  gooseberry  mildew. 

Limiid  grison, — Prepared  by  boiling  6  pounds  of  sulphur  and  3 
pounds  of  lime  in  6  gallons  of  water  until  the  whole  is  reduced  to  2 
gallons.  Allow  to  settle;  pour  off  the  clear  liquid  and  bottle  it 
until  used.  For  use  mix  one  part  of  the  liquid  with  one  hundred 
parts  of  water. 
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6. — Leaf-Blight  and  Cracking  of  the  Pear. 

Entomosporium  viaculatum,  L^v. 

(Plates  VIII,  tX.) 

I.— GENERAL  OBSERVATIONS,  ETC. 

During  tho  past  year  the  Section  has  received  many  inquiries  con- 
cerning a  disease  long  known  to  horticulturists  as  **  leaf -blight"  or 
**  scald  "of  the  pear  tree.  It  is  quite  distinct  from  the  ordinary 
"  pear-blight "  and  affects  the  fruit  and  wood  as  well  as  the  leaves. 
It  is  extremely  destructive  in  some  parts  of  the  country  and  merits 
special  attention. 

Effects  and  losses, — In  this  connection  some  extracts  from  corre- 
spondence may  be  of  interest. 

Letter  from  W.  W.  Thompson,  Smith ville,  Ga.,  May  28,  1888  : 

The  trees  (Le  Conte)  are  five  years  old  and  15  feet  high,  set  in  a  circle  15  feet  in 
diameter  containing  twenty-one  trees.  Nearly  all  the  leaves  have  dropped  from 
one-third  of  the  trees,  yet  the  wood  looks  sound  and  green.  I  find  the  dis^ise  is  ex- 
tending round  the  circle. 

Ibid.,  July  24: 

So  far  the  disease  is  limited,  though  I  find  it  more  extensive  now  than  a  few 
months  previous.  It  has  extended  to  a  slight  degree  to  my  regular  orchard.  On 
some  trees  a  portion  of  the  lower  leaves  have  fallen,  and  in  several  cases  several 
limbs  are  as  bare  as  in  the  fall,  but,  as  I  nave  said,  this  is  only  to  a  Hmited  extent. 

Ibid,,  October  31: 

The  spotted  leaves  have  increased  very  much  since  I  first  wrote  you.  The  f  i-uit  is  not 
injured  nor  are  the  trees  to  any  extent  except  in  ^owth  and  appearance.  Last  year 
I  aid  not  notice  it  at  all  here  but  did  in  Thomasville,  and  I  have  been  there  tliis  eum- 
mer  and  find  it  on  most  of  the  ti'ees  in  the  town,  more  than  in  the  country.  Some 
were  nearly  leafless  in  August.  ♦  *  *  The  young  leaves  within  12  inches  from 
the  end  of  tlie  limb  do  not  seem  to  be  affected.  *  *  *  Trees  about  towns  and 
homes  seem  to  be  the  worst,  though  I  have  seen  even  the  center  of  my  orchiu*d  at- 
fected:  in  fact  all  the  trees  are  diseased  to  some  extent,  but  most  of  them  on  the 
lower  leaves  only.  When  badly  affected  the  leaves  fall  two  months  or  more  too 
early. 

Letter  from  Mr.  F.  S.  Earle,  Cobden,  ni. : 

The  premature  falling  of  the  leaves  due  to  the  attacks  <)f  the  Leaf  Blight  fungus 
often  causes  great  damage.  I  have  seen  an  orchard  of  3,000  Louis  Bonne  trees  as 
bare  by  the  4th  of  July  from  this  cause  as  they  should  have  been  by  Christmas.  The 
fall  rains  brought  out  a  new  set  of  leaves,  and  such  fruit  buds  as  Vere  already  formed 
bloomed,  thus  destroying  the  chances  for  a  crop  the  following  year. 

Letter  from  Col.  A.  W.  Pearson,  Vineland,  N.  J.,  October  25, 1888f 

The  leaves  have  all  fallen  except  those  of  the'Kieffer  pear.  **•**"•  "  ***'T)ftier  varie- 
ties of  pear  infested  with  the  disease  are  denuded  of  their  leaves  f uUy  six  weeks  be- 
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fore  frost.  *  *  *  I  tliink  tliat  with  those  sorts  worst  affected  the  damage  in  this 
region  amounts  to  75  per  cent.  It  is  an  injury  difficult  to  estimate,  as  the  trees  are 
denuded  prematurely  of  their  leaves,  and  then,  of  a  late  autmnn,  they  are  apt  to 
open  a  premature  bloom,  and  this  detracts  from  the  crop  of  the  ensuing  year. 

The  statements  comprised  in  these  letters  show  that  the  disease 
exists  with  different  degrees  of  severity  in  different  localities,  but 
they  are  unanimous  in  indicating  that  fruit  growers  have  much  to 
fear  from  the  malady,  and  that  prompt  treatment  is  necessary.  Seed- 
lings are  particularly  subject  to  the  attacks  of  the  disease;  in  fact 
many  nurserymen  have  been  forced  to  entirely  abandon  the  culture 
of  pear  stocks  on  account  of  it. 

Sosts. — The  disease  is  not  confined  entirely  to  the  pear,  although 
it  is  on  this  that  it  most  concerns  farmers  and  fruit-growers.  It  also 
attacks  the  Cydonia  (quince),  CotoneasteVy  and  Mespilus,  Nearly 
every  variety  of  the  pear  is  subject  t/O  it,  but  some  are  more  liable  to 
its  attacks  than  others. 

Mr.  F.  S.  Earle  says  that  '*  out  of  an  experimental  orchard  of  a  hun- 
dred and  twenty  varieties  planted  at  Cobaen,  111.,  all  but  ten  or  twelve 
were  so  badly  injured  as  to  be  discarded  as  worthless."  In  a  letter, 
from  which  we  nave  before  quoted,  Col.  A.  W.  Pearson  says:  ^•The 
Kieffer  seems  to  best  withstand  the  fungus.  *  *  *  The  varieties 
most  damaged  are  the  Sheldon  and  Beurre  Clairgeau.  ,  Both  of  these 
have  been  an  entire  loss  for  four  years  past.  Every  fruit  has  shriv- 
eled and  cracked."  In  quotations  already  made  from  letters  of  F. 
S.  Earle  and  W.  W.  Thompson,  it  is  evident  that  the  Le  Conte  and 
Louis  Bonne  are  also  very  liable  to  attacks.  From  our  own  observa- 
tions we  conclude  that  Louis  Bonne,  Bartlett,  Seckel,  Bosc,  Clapps, 
and  Roestiezer  are  never  entirely  free  from  the  disease  and  are  usually 
badly  attacked,  while  Anjou,  Duchess,  Lawrence,  Flemish,  and  Vicar 
may  be  mentioned  amon^  the  varieties  most  exempt. 

(Geographical  distribution . — As  has  already  been  shown  the  pear 
and  the  fungus  have  nearly  the  same  distribution.  The  disease  has 
been  reported  on  various  hosts  from  Grermany,  Sweden,  Italy,  and 
France,  and  in  this  country  it  is  very  wide-spread. 

History. — It  was  first  discovered  by  ChaiUet  on  living  leaves  of 
Cotoneaster  tomentosa  and  Mespihis  germanictis — two  plants  related 
to  the  quince  and  pear — and  named  Xylonia  mespili  by  DeCandolle. 
Morthier  afterwards  found  it  on  the  first-named  plant,  also  on  Pirus 
communis  and  sylvestris,  and  Fuckel  found  it  on  Cotoneaster  vulgaris. 
Fuckel  gave  it  the  name  Morthiera  viespili,  including  the  fungus  as 
found  on  all  the  above  named  hosts,  ana  bv  tliis  name  it  is  still  gen- 
erally known.  Saccardo,  however,  published  only  the  form  on  Jtfe- 
spilua  germanicus.  EUis  and  Cooke  on  the  other  nand  founded  the 
variety  Cydonia,  occurring  on  quince  leaves  and  fruit,  upon  Fuckel's 
Morthiera  mespili.  L^veille  changed  the  genus  to  Entomosporitim 
and  made  two  species,  ohq  Entomosporiumi  macvlatuin,  including  the 
form  on  Pirus  communis,  and  the  other  Entomosporium  hrachioiurrty 
comprising  the  fungus  on  Cotoneaster  and  Pirus  sylvestris. 

In  his  Syllog^Fungorum,  Saccardo  attempts  to  reconcile  these  con- 
flicting authorities  as  follows:  He  includes  under  Entomosporium, 
macuiatum.,  L^v.,  on  Pirus  communis  the  following  varieties:  (a) 
domesticum.,  equal  to  his  former  species  (Morthiera  mespili^  Saoc.)  on 
Mespilus  germanicus;  (b)  cydonicp,  E.  &  C,  on  quince;  and  he 
changes  Entomosporium  orachiatum,  L^v.,  to  Entomosporiwm  me- 
spili (DO.):       '    - 

The  two  species  are  founded  merely  on  a  differeuQ^  in  eia^  of  tli9 
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spores.  Accordiug  to  Fuckel  the  conidia  measure  14  by  18  fJi,  Sorauer 
gives  the  largest  spores  on  Pirus  comviunis  as  22.5  by  10  //,  and  Sac- 
cardo  gives  the  followiiig: 

E.moAiulatum,  conidia  18-20  by  12  ;  pedicel,  20  by  Ifi. 
vor.  donieaticuvi,  conidia  18  by  8  ;  pedicel,  15  hy  I  fi, 
var.  eydonicB,  conidia  12-15  by  6-7^. 
E,  jnespili,  conidia  25  by  15;  pedicel,  20  by  2^  fi. 

A  careful  comparison  of  these  measurements  will  arouse  some 
doubt  as  to  their  value  as  a  basis  for  establishing  species.  Fuckel's 
and  Saccardo's  measurements  might  indicate  some  constant  differ- 
ences in  size  between  the  two  species,  but  Sorauer's  measurement  of 
22. 5  by  10  //  on  Pirns  communis  does  not  fall  much  short  of  Saccardo's 
25  by  15  jj.  on  Pirns  sylvestris,  and  according  to  Saccardo's  own  meas- 
urements there  is  more  difference  between  the  species  £J,  inaculatwm 
and  its  var.  cydoiiice^  than  the  two  species  E.  maovlcdu^tn  and  E, 
niespili. 

Furthermore,  measurements  of  spores  from  the  cultivated  pear, 
made  in  this  Department,  indicate  that  their  size  may  exceed  the 
largest  measurement  given  by  Saccardo  for  E.  macidaium.  In  fact, 
the  founding  of  species  on  the  size  of  spores,  specially  when  the 
differences  are  so  slight  as  in  the  present  instance,  needs  repeated 
observations  and  measurements  under  varying  conditions  before 
much  dependence  can  be  placed  upon  it;  anrl  this  is  one  case  wJiere 
the  required  number  of  observations  have  not  yet  been  made.  In 
fact,  even  if  the  variations  given  prove  to  be  constant,  it  still  re- 
mains to  be  proved  whether  they  are  Hot  due  simply  to  a  change  of 
host.  Tlie  question  is  an  extremely  practical  one,  for,  if  farmers 
must  expect  infection  from  sources  outside  their  own  and  their 
neighbors'  i)ear  trees,  it  is  necessary  that  they  should  know  it. 

In  Europe  tlie  fungus  has  been  known  for  nearly  a  century.  •  De 
Candolle  mentions  it  in  1815.  In  this  country  the  injury  resulting 
from  the  disease  has  been  discussed  by  fruit-growers  for  many  years. 
In  ** Barry's  Fruit  Garden"  for  1863  the  autnor,  in  speaking  of  the 
diflRculty  connected  with  the  grooving  of  pear  seedlings,  says: 

This  difficulty  is  owing  chiefly  to  a  species  of  rust  or  blight  that  attacks  the  leaves 
of  the  young  plants,  very  often  before  the  latter  have  completed  their  first  season's 
growth .  *  *  *  It  appears  on  the  leaves  in  July  or  August  first  as  small  brown 
spots;  these  spread  rapidly  over  the  leaves  until  tney  are  completely  dried  up  and 
growth  is  8topi")ed.  Whether  it  is  an  insect  or  fungus,  or  some  atmospherical  cause, 
that  produces  this  blight  is  unknown.  Certain  causes  favor  one  or  the  other  of 
these  opinions.     More  minute  investigations  are  wanted  on  the  subject. 

n.— EXTERNAL  CHARACTERS. 

The  disease  makes  its  appearance  early  in  the  spring  soon  after 
the  developmc^jit  of  the  leaves.  It  first  shows  itselr  in  the  shape  of 
small,  dull,  carmine-red  spots  which  appear  first  on  the  upper,  and 
finally  penetrate  to  the  lower  surface  of  the  leaf;  the  color  soon 
(^hangos  from  i-ed  to  a  dark  brown,  with  a  slightly  elevated,  minute, 
black  spot  in  the  center  (PI.  VIII,  Fig.  1).  The  spots  also  increase 
in  size,  and  if  they  are  very  numerous,  as  is  most  often  the  case,  the 
tissue  between  them  also  turns  brown  and  loses  its  vitality.  If  the 
leaf  is  young  or  belongs  to  a  delicate  leaved  variety  it  shrivels  up  by 
the  contraction  of  the  diseased  portions;  but  if  it  is  mature  and  con- 
sists of  firm  tissue  it  retains  its  shape,  the  only  change  being  in  the 
color.  As  soon  as  the  leaf  becomes  badly  diseased  it  fallB  6S;  and 
if,  as  often  happens,  another  growth  of  leaves  is  produced,  these  too 
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become  diseased.     The  spots  are  usually  about  three  millimeters  in 
diameter. 

Trees  seriously  attacked  by  this  disease  can  be  distinguished  at  a 
distance  by  their  defoliated  appearance.  This  wholesale  destruction 
of  the  foliage  interferes  very  seriously  with  the  growth  of  the  wood 
and  the  maturing  of  the  fruit,  for  the  leaves  are  the  organs  which 
transform  the  food  material  that  is  brought  up  from  the  roots  and 
absorbed  from  the  air,  into  a  form  in  which  it  can  be  directly  used 
by  the  plant  in  the  making  of  wood  and  production  of  sugar  in  the 
fruit. 

But,  in  addition  to  this,  the  fruit  and  stems  themselves  often  be- 
come diseased.  The  fruit  also  shows  th^  carmine-red  spots,  which 
afterward  become  dark  colored.  The  skin  becomes  very  much  rough- 
ened, and  the  growth  of  the  epidermis  over  the  diseased  portion  is 
checked,  causing ^a  crack  which  extends  deeply  into  the  flesh  (Fig.  2), 
so  that,  eVen  if  the  fruit  can  obtain  sufficient  sugar  to  mature  prop- 
erly its  appearance  is  spoiled,  and  the  cracking  makes  it  liable  to 
decay. 

The  development  of  the  fungus  on  the  branches  tioes  not  differ 
materially  from  what  takes  place  on  the  leaves.  There  first  appear 
small  circular  spots  on  the  young  bArk;  these  gradually  become  elon- 
gated and  soiiiewhat  depressed  with  a  slight  elevation  in  the  center, 
and  their  color  changes  to  a  shining,  brownish  black.  Frequently 
the  stem  is  completely  girdled  by  these  diseased  areas,  and  as  a  re- 
sult the  end  6f  tne  branch  dies  above  .the  point  where  the  f ungiis  is 
present.  The  petioles  and  leaf  scales  'are  also  often  diseased.  In- 
deed there  seems  to  be  no  part  of  the  tree  above  ground  that  is  in 
active  growth  quit^  exempt  from  the  attacks  of  the  parasite. 

m.— MICROSCOPIC  CHARACTERS. 

The  small  black  specks  in  the  center  of  th.6  brown  spots  comprise 

the  fruiting  portions  of  the  fungus.     The  fruit  is  at  first  covered  by 

the  cuticle,  but  this  is  finally  ruptured  exposing  a  layer  of  spores 

borne  on  a  thin  stroma  (Plate  IX,  Fig.  1).     The  spores  or  conidia 

are  analogous  to  the  seed  of  higher  plants;  they  have  an  exceedingly 

characteristic  form,  and  may  always  be  recognized  without  difficulty. 

When  mature,  they  consist  of  from  four  to  six  cells,  and  are  borne 

upon  a  pedicel  or  stalk.     Their  development  is  as  follows  (Fig.  2) : 

short  branches  consisting  of  three  or  four  somewhat  elongated  cells 

^row  up  from  the  stroma.     The  upper  cell  first  shows  an  enlarge- 

nent  and  this  is  followed  by  the  second  one  which  usually  constitutes 

^■he  lowest  cell  of  the  conidium,  the  "^'^-nriaining  ones  forming  the  pedi- 

;cl.     "R'T'oin  the  upper  one  of  tli'^'^'     ..  Is  grows  out  a  fine,  upright 

Srie^^     - '■>ich  is  ar'^nt  the  lengti    >    ^e  cell  itself.     It  has  distinct 

vail'     •       ^-i^or^c    .i   nay  be  sec-         -caining  with  iodiue.     Before 

^f^^^     v<        X-  '*"'  ^V'^oA   ..^  ^ii  buds  may  be  seen  growing 

■lut  of  contact  with  the  upper. 

^^.    ■!  our.     They  grow  out  obliquely, 

'    •      ^e  upper  cell.     In  size  they  are 

'^L.i   —      •^■•-  "*        \ers.    From  these  in  turn  there 

*^         .        ■     •..       —      'le  bri^^ies  are  on  the  backs  of 

V.  -liAc^i^c^    TOii/:.v/xit.'''v,  o      •'^^iquely.     Occasionally 

hr^  oT'i'tr^'rio    ii am r-1^        >1     .^      .  f orm  tho  coiiidium, 

wo     -       •  '■'  » ads,  or  the  lower  one 


Vyi_ 


'J i 


UK  '"'^tj.  ■ 

ITT  '^  ^/it 


^^.^  ,    74;      ■  '.^^^ 
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When  the  conidia  germinate  the  cells  enlarge  somewhat  -and  the 
bristles  swell  up  at  the  base ;  the  colorless,  and  sometimes  septate, 
germ-tube  frequently  emerges  in  the  vicinity  of  the  bristle,  when 
germination  takes  place  on  a  leaf  the  germ-tube  bores  through  the 
epidermis  and  develops  a  mycelium  witnin  the  tissues. 

The  mycelium  is  composed  of  short  cells  forming  colorless  branch- 
ing filaments.  It  is  very  abundant  and  is  everywhere  easily  seen 
between  the  cells  of  the  bodv  of  the  leaf  (Fig.  1).  When,  youn^  it 
penetrates  the  epidermal  cells  only,  but  Sorauer  says  that  when  it  is 
old  it  becomes  darker  colored  and  can  be  seen  within  the  cells  of  the 
mesophyll;  and  Ericksson  states  that  he  has  found  Sorauer's  obser- 
vations true  in  every  respect.  The  mycelium  masses  itself  together 
in  places  between  the  cuticle  and  epidermis,  forming  a  thin  stroma 
on  which  the  conidia  are  borne.  Below  the  stroma  the  mycelium 
seems  at  first  to  pass  mainly  between  the  epidennal  cells,  but  it 
finally  breaks  them  down  so  completely  that  the  walls  and  contents  can 
with  difficulty  be  distinguished.  The  cuticle  is  finally  ruptured  by  the 
pressure  of  tne  stroma  and  young  spores,  and  the  conidial  layer  is 
exposed  to  the  air.  Sorauer  says  that  on  August  4,  1876,  the  upper 
surface  of  the  leaves  of  five  one-year  old  pear  seedlings  were  inoc- 
ulated with  these  cotiidia  and  placed  in  moist  air  under  bell  jars. 
Three  of  the  inoculated  leaves,  on  two  plants,  showed  the  charac- 
teristic circles  at  the  points  of  inoculation  August  19,  and  a  conidial 
pustule  in  September,  giving  about  a  month  for  the  complete  circle 
of  reproduction. 

In  addition  to  the  conidia  Sorauer  has  also  found  what  he  considers 
the  ascosporous  or  winter  stage  of  the  fungus  (Fig.  6).  The  follow- 
ing is  abridged  from  his  account: 

An  investigation  of  the  diseased  leaves  in  December  will  disclose  brown  capsules 
on  the  tissues  in  addition  to  the  still  living  conidial  layers.  These  capsules  (peri- 
thecia)  I  consider  as  the  fruit  of  Morthiera,  which  attains  maturity  in  May  and 
June.  The  perithecia  vary  considerably  in  size.  Tliey  are  dai'k  brown,  globose  or 
depressed  from  above,  usually  soUtary,  sometimes  in  groups  of  several  I'anging  from 
75/z  to  175//,  and  in  some  instances  to  200/z  in  diameter.  They  are  ususuly  foimd 
either  on  the  upper  surface  between  the  separated  palisade  cells  or  between  these 
cells  and  the  epidermis.  In  the  first  case  they  are  not  recognizable  on  the  ouiside. 
In  the  latter  there  is  a  distinct  swelling  caused  by  the  epidermis  being  lifted  up  by 
the  growth  of  the  capsule.  The  brown  wall  of  the  capsule  varies  in  thickness,  the 
greatest  width  l)eing  about  7.5/i.  In  January  the  best  developed  perithecia  contain 
at  their  bases  a  mass  of  white,  stromatic,  small-celled  tissue,  from  which  arise 
numerous  nearly  upright,  slender  threads  ranging  from  1. 5/x  to  2.5/z  in  diameter. 
These  are  the  young  asci. 

The  asci  are  club-shaped,  vnih.  &  double  contour,  much  the  largest  in  the  upper 
third  of  their  length,  and  contain  eight  colorless,  crowded  ascospores,  in  two  rows 
(Fig.  6  a).  They  are  somewhat  shorter  than  the  paraphyses,  and  at  maturity  are 
obtusely  conical  in  the  upper  portion,  the  point  oeing  drawn  out  into  a  papilla. 
This  projecting  point  opens,  forming  a  circular  aperture  through  which  the  spores 
are  discharged  one  after  another  (Fig.  6  h). 

The  paraphyses  arise  in  a  tuft  from  the  base  of  the  capsule;  they  are  filiform  to 
club-shaped  or  globose  at  the  apex  (Fig.  6  e),  and  are  occasionally  borne  in  pairs 
on  one  pedicel. 

The  spores  are  acute  ovate  to  obtuse  club  shaped,  divided  into  two  parts  by  a 
transverse  septum  sometimes  slightly  curved  and  somewhat  constricted  at  the 
partition  (Fig.  6  a).  When  seen  in  large  numbers  the  ripe  spores  have  a  pale,  yel- 
lowisii-brown  apT>earance.  They  sometimes  germinate  while  still  in  the  ascus.  In 
germination  the  hypha  usually  proceeds  from  the  smaller  end  (Fig.  6  C  c^. 

Their  germination  was  observed  in  May  at  about  the  time  the  first  diseased  spots 
appeared  upon  the  new  foliage.  So  that  if  the  conidia  fail  to  carry  the  fungus  over 
\vinter,  or  if  they  do  not  find  a  lodgment  on  the  young  stems,  the  ^gpospproiis  fruit 
will  pass  the  ^vinter  imharmed  and  be  ready  to  begin  its  work  with  l^e  xinf  olamg  of 
the  leaves. 
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Sorauer  further  classifies  the  fungus  as  a  Stigmafea  and  gives  it  the 
specific  name  of  tnespili. 

So  far  as  known  to  us  this  lias  not  been  verified  by  any  other  ob- 
server. 

There  are  several  other  fungi  found  associated  with  the  Entomo- 
sporium  on  the  pear  and  quince,  and  prominent  among  them  is  the 
one  figured  on  Flate  IX,  figs.  4,  5.  It  is  frequently  found  on  the 
same  spots  with  Entomosporium,  but  is  often  guite  separate  from 
these  spots;  it  is  especially  frequent  where  the  leaf  is  so  badly  dis- 
eased that  the  tissues  are  nearly  all  dead. 

At  first  this  appeared  so  closely  connected  with  the  Entortiospo- 
Hum  that  it  seemed  as  if  it  might  be  the  spjBrmogonial  form,  but  a 
closer  examination  revealed  morphological  differences  in  the  myce- 
lium. That  of  the  spermogonial  form  is  darker  colored,  thicker 
walled,  contains  distinct  globules,  and  is  not  so  closely  septate  or 
abundant.  Moreover,  this  form  is  often  widely  separated  from  the 
conidial  form  of  the  Entomosporium.  It  is  proDably  saprophytic  in 
its  nature,  coming  on  the  leaf  after  the  Enfomosporium  has  Killed  it. 
These  capsules  are  found  alike  on  both  sides  of  the  leaf,  but  more 
often  on  the  upper  side.  They  consist  of  a  single  layer  of  dark  col- 
ored pseudo-parenchyma,  lined  with  a  little  colorless  tissue  on  which 
are  borne  chains  of  minute  rod-like  bodies  (Fig.  5).  These  are  so 
small  that  they  partake  of  the  Brownian  movement. 

IV. — TREATMENT. 

It  is  difficult  at  any  time  to  treat  large  trees,  but  as  this  fungus 
causes  the  greatest  injury  to  young  ones,  and  especially  those  grow- 
ing in  nurseries,  a  course  of  treatment  that  would  be  of  use  in  the 
latter  place  alone  would  be  of  ^eat  valu^.  From  what  we  know  of 
the  life  history  of  the  fungus  it  is  evident  that  burning  the  fallen 
leaves  would  serve  as  an  important  means  of  removing  a  source  of 
infection.  With  regard  to  tlie  proper  time  to  do  this  it  is  probable 
that  the  best  results  will  follow  if  the  leaves  are  raked  together  and 
destroyed  as  soon  as  they  fall;  in  other  words,  it  would  not  be  ad- 
visable to  allow  such  leaves  as  may  fall  in  midsummer  from  the 
effects  of  the  malady  to  remain  on  the  ground  under  the  trees  until 
the  following  autumn  or  spring.  They  sliould  be  destroyed  as 
quickly  as  possible,  before  any  of  the  spores  have  had  an  opportunity 
to  escape. 

Patrick  Barry,*  speaking  of  tliis  disease,  says : 

To  obviate  the  difficulty  wliich  this  malady  presents  [in  the  nursery^  a  vigorous 
growth  sliould  be  obtained  early  in  the  season.  New  soil  (^r  that  in  which  trees  have  not 
before  been  grown  should  be  selected — an  old  pasture  is  the  best.     The  autumn  before 

C'  ating  it  should  be  trenched  or  subsoil-plowed  to  the  depth  of  2  feet,  for  the  pear 
long  tap-roots,  and  liberally  enriched  with  a  compost  of  stable  manure,  leaf  mold, 
or  muck  and  wood  ashes  in  about  equal  parts;  4  inches  of  this  spread  over  the  surface 
before  plowing,  will  be  sufficient  for  ordinary  soil.  Lime  should  also  be  given  liber- 
ally unless  the  soil  be  naturally  and  strongly  calcareous.  A  soil  preparea  thus  in  the 
fall  will  require  another  plowing  or  spading  in  tlie  spring  to  mix  all  the  material 
properly  with  the  soil  and  fit  it  for  the  seeds.  If  the  soil  be  very  tough,  and  not  fit  to 
oe  turned  up,  a  thorough  harrowing  or  working  %Wth  the  horse  hoe  will  do.  Where 
large  quantities  are  grown  the  drifls  may  be  the  same  distance  apart  as^t^hat  recom- 
mended for  apples,  3  feet;  but  if  only  a  few,  12  to  18  inches  will  be  sufficient  as  the 
cleaning  can  be  done  with  the  hoe.  The  seeds  should  be  scattered  thinly,  so  tiiat 
every  plant  may  have  sufficient  space  without  any  thinning.    The  end  to  aim  at,  as 

*  Fruit  Qarden,  p.  127,  revised  edition. 
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before  remarked,  is  to  get  good  growth,  say  18  or  20  inches  in  height  and  stout  in 
proportion,  before  the  1st  of  August.  Tliis  can  be  done  in  any  deeply  trenched  or 
plowed  fresli  soil,  well  prepared  and  manured,  as  described  above.  I  have  been 
told  tliat  seedUiig  i>ears  jrrov\Ti  in  a  frame  covered  with  whitewashed  sash  and  kept 
well  ventilated  coutinuaily  escaped  the  "  leaf -blight,"  whilst  all  those  grown  in  open 
ground  near  by  were  blighted. 

In  addition  to  tlie  foregoing  it  is  very  probable  that  the  develop- 
ment of  the  fungus  upon  the  loaves  or  other  parts  of  the  plant  may 
be  prevented  by  tlie  application  of  some  fungicide,  although  no  ex- 
periments having  a  bearing  upon  this  question  have,  as  far  as  we 
know,  been  undertaken.  Since  the  spots  make  tlieir  appearance  as 
soon  as  tlie  leaves  have  attained  full  growth  the  applications  must 
be  made  early  so  as  to  prevent  the  spores  from  germinating.  In  no 
case  should  the  api)lication  of  the  remedial  agents  be  postponed  until 
the  fungus  has  nuulo  its  appearance  upon  the  leaves,  for  if  this  is  done 
it  will  be  of  little  uso  to  ajmly  them. 

Where  the  disense  prevails  more  or  less  every  year  it  would  be  well 
to  thorouichl y  spi-ay  the  trees,  before  the  buds  begin  to  swell, with  the 
Bordeaux  mixture,  prepared  as  follows: 

Dissolve  10  jjounds  of  sulphate  of  copper  in  22  gallons  of  water;  in 
another  vessel  slake  'M)  pounds  of  lime  in  6  gallons  of  water.  When 
the  latter  mixture  has  cooled  j)our  it  slowly  into  the  copper  solution, 
care  being  taken  to  mix  the  fluids  by  constant  stirring. 

When  the  leaves  are  about  two-thirds  grown  a  second  application 
should  be  made,  this  time,  however,  using  a  solution  containing  the 
ingredients  in  the  following  proportions: 

Sulphate  of  copper pounds. .     6 

Lime do. . . ,    6 

Water , gallons. .  22 

Dissolve  the  copper  in  J  0  gallons  of  water  and  slake  the  lime  in  6 
gallons,  then  mix  as  described  above.  For  applying  these  prepara- 
tions an  apparatus  including  pump,  spraying-nozzle,  etc.,  is  neces- 
sary, and  for  small  trees,  especially  those  in  the  nursery,  the  machine 
known  as  the  Eureka  Sprayer,  manufactured  by  Adam  Weaber, 
of  Vineland,  N.  J.,  will  be  found  as  efficient  as  any.  With  this  ma- 
chine a  man  can  rapidly  and  thoroughly  spray  trees  from  12  to  14 
feet  in  height,  but  for  large  trees  a  pump  having  greater  power  will 
be  required. 

The  object  of  the  first  spraying  is  to  destroy  any  spores  of  the 
fungus  that  may  have  survived  the  winter  in  the  crevices  of  the 
bark,  while  the  second  and  weaker  application  is  obviously  for 
the  purpose  of  preventing  such  spores  as  may  fall  upon  the  young 
leaves  from  germinating.  It  would  be  well  to  repeat  tne  applications 
of  the  weaker  solution  every  three  or  four  weeks  until  the  last  of 
July  or  middle  of  August.  The  same  preparations  mentioned  above 
may  be  used  to  protect  the  leaves  of  seedling  pear  trees  against  the 
ravages  of  tlie  parasite,  but  in  this  case  the  nrst  application  of  the 
Bordeaux  mixture,  second  formula,  should  be  made  about  the  mid- 
dle of  June,  followed  by  a  second  two  weeks  later,  and  a  third  thd 
latter  part  of  July.  If  this  course  of  treatment  is  properly  carried 
out  we  have  little  doubt  that  the  plants  will  preserve  their  leaves 
throughout  the  season,  and  thus  be  able  to  complete  their  growth^ 
making  good  stocks  either  for  budding  or  grafting. 
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7. — Leaf-spot  of  the  Rose. 
Cercospora  roscecola,  Pass. 


(Plate  IX.) 


I. — GENERAL  OBSERVATIONS. 

This  disease  is  quite  distinct  from  the  one  that  is  generally  known 
as  black-spot,  caused  by  the  Actinonemu  rosce,  but  it  may  occur  on 
the  same  bush  and  even  on  the  same  leaf.  Like  the  Actinonema  it 
produces  black  spots  on  the  leaves,  and  a  superficial  observer  might 
consider  it  as  the  same  disease,  but  a  critical  examination  will  bring 
to  U^ht  very  distinct  and  characteristic  differences. 

It  is  not  generally  so  destructive  to  cultivated  roses  as  the  black- 
spot,  but  seems  to  prefer  hardy  kinds,  especially  the  climbing  species 
and  varieties.  This  year  it  was  very  abundant  on  the  wild  roses  in 
the  vicinity  of  Washington.  In  many  cases  half  of  the  leaves  were 
affected  and  would  fall  to  the  ground  when  the  plants  were  shaken. 
On  the  roses  in  the  Department  grounds,  however,  it  was  not  pres- 
ort to  anv  injurious  extent. 

:leveral  years  ago  this  fungus  attacked  about  2,000  large  "  Balti- 
xior*^  Belle  "and  *•  Queen  of  the  Prairier''  roses  (climbers)  groT^'ing 
n  *  xorsery  at  Columbia,  Mo.,  and  by  the  middle  of  August  nearly 
*l  he  leaves  had  fallen.  These  plants,  however,  had  not  been 
jL  uiied  for  two  years,  and  had  become  so  thickly  matted  together  in 
onsequence  that  the  sun  could  reach  only  the  outside  leaves  and 
Y  ^T^'^hes.  In  September  they  were  cut  back  to  within  3  feet  of  the 
^x  ^1*1^^,  the  trimmings  and  leaves  were  burned,  and  the  ground  be- 
ween  tne  rows  plowed  and  harrowed.    The  f ol^'"    " 
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consequently  they  were  probably  kept  too  dry  to  allow  the  ger- 
mination of  any  spores  tliat  might  remain  upon  or  be  brought  to 
them. 

We  have  never  observed  the  fungus  on  plants  under  glass  except 
in  the  summer,  when  the  sashes  were  removed. 

II.— EXTERNAL  CHARACTERS. 

The  disease  first  makeS  it  appearance  in  the  form  of  black  or  red- 
dish black  spots  (generally  the  black  shades  into  red  at  the  hedges); 
as  the  spot  increases  in  size  the  center  becomes  light  brown  or  even 
grayish.  The  reddish  color  usually  remains  at  the  edges.  In  the 
autumn  the  spots  frequently  remain  small  and  the  entire  leaf  be- 
comes variegated  with  red  and  yellow. 

The  spots  of  Aciinonema  are  alwaj^s  black  fi'om  the  beginning,  and 
if  the  tissue  around  changes  color  it  is  to  yellow  or  brown,  not  red. 
The  spots  of  Actinonevia  are  frayed  at  tlie  edges  while  those  of  Cer- 
cospora  are  definite.  Besides  this,  the  center  of  the  Cercospora  spots 
often  appears  as  if  sprinkled  with  a  white  powder;  this  is  not  true  of 
the  Aciinonema, 

m.— MICROSCOPIC  CHARACTERS. 

This  white  appearance  is  caused  by  tufts  of  upright  hyphse  which 
bear  numerous  whitish  elongated  spores.  The  tuft  is  represented  in 
Plate  IX,  Fig.  7,  with  spores  attached.  These  hyphse  or  sporo- 
phores  are  brownish,  borne  on  a  stroma  or  rather  knot  of  mycelium, 
and  are  frequently  zigzag  at  the  free  end.  The  spores  are  long,  sep- 
tate, larger  at  the  end  where  they  are  attached,  and  varying  in  length 
at  different  seasons  (Fig.  8). 

They  are  at  first  Dome  upon  the  end  of  the  sporoj)hore,  but  this 
grows  out,  leaving  them  a  little  behind  and  giving  rise  to  another 
spore  at  the  end.  This  process  may  be  repeated,  and  each  spore  is 
left  upon  a  notch  at  the  side  of  the  sporophore,  giving  the  zigzag 
appearance  already  referred  to. 

The  mycelium  passes  between  the  cells,  and  when  a  fruiting  tuft 
is  about  to  be  formed  a  few  threads  push  up  between  the  epider- 
mal cells  and  send  out  short  upright  hyphae  that  rupture  the  cuticle. 
The  stroma  at  the  base  continues  to  grow,  and  it  finally  pushes  apart 
and  breaks  into  the  epidermal  cells;  the  short  sporophores  meanume 
elongate  and  bear  spores. 

In  the  fall  and  upon  wild  roses  the  spots  often  remain  quite  small 
and  seem  to  be  perfectly  sterile,  but  a  section  reveals  that  in  many 
cases  the  fruiting  tufts  are  immature,  the  cuticle  is  ruptured  but  the 
hyphso  have  not  elongated,  and  the  stroma  is  not  large  enough  to 
force  the  epidermal  cells  apart.  Whether  these  immature  hyphse 
bear  spores  has  not  been  ascertained. 

rv.  — TREATMENT. 

A  hint  as  to  the  method  of  treatment  has  already  been  given  in 
the  first  of  this  article,  and  from  the  instance  given  there  it  would , 
appear  as  if  severe  pruning,  burning  all  diseased  parts,  harrowing 
the  ground,  and  the  choice  of  an  airy,  dry  situation  might  be  suffi- 
cient to  avoid  any  serious  consequences  from  this  diSeuSG*/'''    -  ^ 


*66        report  of  the  com^nssioker  op  agriculture. 

8. — Plum  Pockets.* 

Taphrina  pruni,  (Fckl.)  Tiil.f 

(Plate  X.) 

I.— GENERAL  OBSERVATIONS— HISTORY. 

L)uring  the  summer  of  1888  tlie  attention  of  the  Section  was  sev- 
eral times  called  to  a  disease  affecting  the  fruit  of  the  cultivated 
plum.  Letters  were  i-eceived  from  correspondents  living  in  various 
parts  of  the  country,  stating  that  upon  certain  trees  there  were 
formed,  instearl  of  the  normal  plums,  peculiar  hollow  deformities, 
consisting  merely  of  a  thin  shell,  with  no  evidence  whatever  of  a  seed. 
Specimens  of  these  malformations  were  received  from  South  Caro- 
lina, J  Ohio,  Kentucky,  Kansas,  and  other  States,  with  statements  to 
the  effect  that  ux^on  many  trees  not  a  healthy  plum  could  be  found. 

This  disease  is  due  to  the  presence  of  a  parasitic  fungus  which 
attacks  the  young  fruit,  and  by  its  growth  within  their  tissues  causes 
the  peculiar  development  of  tne  latter  which  fftially  results  in  the 
formations  of  the  so-called  ** pocket." 

It  is  evident  tliat  such  remarkable  growths  as  are  produced  by  this 
fungus  must  have  attracted  the  attention  of  both  scientific  men  and 
practical  fruit-growers  long  before  the  true  cause  of  the  trouble  was 
known  or  even  suspected.  As  long  ago  as  150;5  an  author  by  the 
name  of  Casalpin  described  the  malady;  but  he  offeced  no  explana- 
tion as  to  its  cause. 

History. — For  a  long  time  the  malformations  were  believed  to  be 
due  to  the  work  of  insects  ;§  later  it  was  suggested  that  improper 
fertilization  might  be  the  cause,  and  still  more  recently  it  was  held 
that  an  abundance  of  moisture  in  the  atmosphere,  especially  while 
the  fruit  was  forming,  would  prodiice  the  deformities. 

*  A  number  of  names  have  been  applied  to  these  malformations  by  horticulturists, 
but  the  one  here  adopted  is  probably  more  generally  used  in  this  country  than  any 
other.  In  France  the  disease  is  known  as  **  Lepre  du  Prunier,"  In  Germany  the 
pockets  are  called  '*  Narren,"  "  Shorten,"  etc.,  and  in  England  **  Plum  Pockets  **  or 
**  Bladder  Plums." 
t  Synonyms: 

Exoascus  pruni,  Fckl.     Enumeratio  IiHiiigoi-um  Nassovioo,  p.  29;  No.  189. 

Aacomyces  pruni,  Berk.     Annals  et  Magaz.  Nat.  Hist. 

Taphnna  pruni,  (Fckl.)  Tul.  Annaies  des  Sciences  Naturelles;  scr.  v, 
Tom.  5;  1866,  p.  129. 
t  A  correspondent  from  this  State  writes  as  follows  concerning  this  disease:  "  I 
send  you  by  this  mail  several  diseased  plums  which  I  think  have  oeen  stung  by  an 
insect.  About  nine-tenths  of  the  fruit  on  one  of  my  trees  are  affected  like  the  speci- 
mens conununicated.  The  tree  which  produced  these  monstrosities  is  of  the  Chick- 
asaw type;  two  common  wild  plums  grow  quite  near  the  diseased  one.  hut  their 
fruit  is  perfectly  sound."    (May  21 ,  1888.) 


year, 

its  appearance  in  some  gardens  of  this  vicinity,  in  the  latter  part  of  the  month  of 
May,  and  has  been  observed  again  during  the  present  season.  Sood  after  the  blos- 
soms had  fallen  the  fruit  began  to  swell  rapidly,  and  in  tlie  coui-se  of  two  or  three 
weeks  it  had  grown  to  more  than  len  times  the  size  that  it  ordinarily  attains  in  the 
same  period.  It  was  s(jft  and  compressible,  as  though  it  were  puffed  up  with  air, 
being  filled  with  an  elastic,  spongy  substance  of  a  whitish  color.  In  some  of  these 
inflated  plums  no  vestige  of  a  kernel  remained;  in  others,  a  little,  soft,  and  empty 
shell  was  found.  After  gi'owing  from  one-half  to  more  than  tlu'ee-quarters  of  an 
inch  in  diameter  the  fruit  dropped,  and  by  the  middle  of  June  no  more  of  it  was  to 
be  seen  on  the  trees. 

*  'The  cause  oli  tlf^  puffy  swelling  of  the  fruit,  and  abortion  of  the  kernel,  is  a  little 
thrips;  and  several  of  these  minute  insects  were  foimd  on  the  28th  of  May  on  almost 
aJlthe  diseased  plums.    It  is  possible  that  they  began  their  attacks  in  liie  blossom, 
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The  real  cause  of  the  disease  was  discovered  in  1861  by  Fuckel, 
a  European  mycologist,  who  described  the  fungus  under  the  name 
Exoascus  pruni.  *  Three  years  later  it  was  more  thoroughly  studied 
by  DeBary,  whose  discoveries  f  concerning  its  life  history  have  been 
verified  by  a  number  of  subseq^uent  writers  on  plant  diseases.! 

For  a  number  of  years  the  fungus  retained  the  name  given  it  by 
Fuckel,  but  by  a  later  classification  it  became  TaphrinapTiini,  (Fckl.), 
Tul.§ 

n.— EXTERNAL  CHARACTERS,   LOSSES,   VARIETIES  AFFECTED. 

The* '* pockets"  (Fig.  1  a)  make  their  appearance  soon  after  the 
flowers  have  fallen,  attain  full  size  and  drop  from  th^  tree  toward 
the  middle  or  last  of  June.  At  first  they  are  more  or  less  globular  in 
shape,  but  as  theV  grow  older  they  become  oblong  or  oval  and  fre- 
quently more  or  less  curved.  They  vary  in  size,  but  as  a  rule  are 
from  1  to  2  inches  in  length  and  from  one-half  to  1  inch  in  diameter. 
When  young  they  are  nearly  smooth  and  can  be  distinguished  from 
the  healthy  fruit  by  their  pale-yelloW  or  reddish  color.  As  they 
grow  older  the  color  changes  to  gray,  the  surf  ace  appearing  as  ihou^n 
it  had  been  sprinkled  with  fine  powder,  and  at  the  same  time  the 
pockets  become  wrinkled.  Finally  they  turn  black  or  dark  brown, 
and  rattle  like  bladders  when  brought  in  contact  with  any  hard 

and  that  they  prevent  the  unpregnation  of  the  ovule  or  young  kernel  by  destroying 
the  pollen;  and  by  subseijuently  puncturing  the  plum,  produce  an  irritation  which  is 
followed  by  a  rapid  swelling  and  diseased  condition  of  the  fleshy  substance  o£  the 
fruit.  Preternatural  enlargements  and  distortions  of  the  parts  of  flowers  and  of 
fruits  are  known  to  be  occasioned  by  the  attacks  of  other  species  of  thrips.  This  may 
be  seen  in  the  blossom  of  the  black  whortleberry  {Vaccinium  resinosumjf  all  parts  of 
which,  calyx,  corolla,  stamens,  and  ovary,  ar^  sometimes  enormously  exilarged,  and 
entirely  changed  in  t<ixture  and  appearance,  in  consequence  of  the  puncturto  of  a 
kind  of  thrips. 

*'It  is  not  yet  known  how  far  this  affection  of  the  plum  has  extended.  In  this 
vicinity  it  seems  to  have  l)een  confined  to  certain  trees  only.  Should  the  insects 
multiply  and  spread  to  other  trees  and  other  placed,  they  will  prove  very  destructive 
to  the  fruit  hereafter.  It  remains  therefor^for  the  practical  gsurdener  to  watch  for 
their  first  appearance,  and  to  devLie  some  sure  means  of  killing  them,  while  the  trees 
are  in  blossom  and  the  fruit  is  forming." 

*  Exoasciis  pruni,  Fckl.  Sporidia  ei^ht,  ovate  or  irregular,  hyaline;  asci  erect, 
subclavate,  obtuse*;  parapliyses  three  times  shorter  than  the  asci,  irregular,  hya- 
line. Densely  covering  the  ei)idermis  of  the  inunature  fruit  of  Pnimia  domestica, 
Enumeratio  Fungoi-um  Nassoviae,  1861,  p.  29. 

t  Beitr.  zur  Morphology  und  Physiologie  der  Pilze,  1864,  p.  33. 

1  See  Bibliography. 

^The  genus  Taphrlna  has  lately  beeri  made  the  subject  of  a  paper  by  Mr.  B.  L. 
Robinson  {Anmila  of  Botany,  Nov.,  1887),  who,  in  speaking  of  its  synonymy,  says : 
'*  The  si)ecies  coiiil:>ined  by  Sadebeck,  in  1883,  into  a  single  genus,  were  formerly 
classed  in  three  cl()s(?ly  related  genera  Taphrina,  Fries,  Aacomyces,  Mont,  et  Deem., 
and  ExoctscfOi,  Fuckel.  Of  these  genera  the  first  is  the  oldest,  having  been  de- 
scribed by  Fries  as  early  as  1815  under  the  name  of  Taphria,  which,  to  avoid  pos- 
sible confusion  with  an  insect  genus.  Was  altered  in  1835  to  Taphrina. 

"  In  this  paper  just  mentioned  Sadebeck  has  preferred,  although  without  stating 
his  reasons,  to  retain  for  the  combined  genus  the  youngest  of  the  three  names,  that 
of  E.voascn->i,  Fuckel.  Johanson  agrees  with  Sadebeck  in  thinking  that  all  the 
species  sliouM  bt'  combined  into  a  single  genus,  but,  seemingly  wiUi  much  more 
regard  for  tin*  rules  of  priority  in  nomenclature,  retains  the  name  Taphrina  of  Fries. 
There  apjx'ars  to  l)e  all  the  more  reason  for  this  from  the  fact  that,  as  early  as  18M, 
Tulasne  (Super  Friesians  Taphrinarum  Genere,  in  Ann.  des  Sciences  Nat.,  ser.  5, 
Tome  V,  18()(>.  p.  1213)  revised  the  genus  of  Fries  and  expanded  its  limits  so  that  it 
might  take  in  all  tlit*  species  then  known  of  Ascomyces  and  JExaaseuSf  thus  using 
the  name  Tajj/iriiui,  so  far  as  the  knowledge  of  the  time  enabled  him,  in  the  same 
sense  as  it  is  at  present  employed.  From  these  considerations  it  seems  best  to  fol- 
low Johanson  in  calling  the  group  *  TaphrinafTries,  char,  tt  lMa«n«'«t{i»ttd!V*  a  sort 
of  nomenclature  wliich,  if  not  brief,  is  yet  in  accord  with  priority  and  incapable 
of  being  misunderstood." 
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substance.     They  remain  on  the  tree  in  this  condition  for  two  or 
three  days,  then  fall  to  the  ground  and  perish. 

Sections  through  the  diseased  fruit  show  that  the  walls  are  quite 
thick,  and  that  in  place  of  a  stone  there  is  a  large  cavity  filled  with 
fungous  threads  and  air. 

The  fungus  often  attacks  the  young  branches  and  leaves,  and  when 
this  occurs  the  injurv  is  of  course  much  greater  than  where  the  fruit 
alone  is  attacked.  According  to  Mr.  A.  A.  Crozier  the  fungus  was 
abundant  on  the  College  farm  at  Ames,  Iowa,  the  past  season,  attacking 
wild  cherry  (Prunus  serotina)  and  several  cultivated  varieties  of  the 
wild  plum  {Prunus  chicasa),  being  most  prevalent  on  a  vigorous 
grower  and  light  bearer  known  as  Maquaketa.  Mr.  Crozier  further 
states  that  in  his  section  it  occurs  mainly  on  the  growing  branches 
and  leaflets,  which  become  contorted  and  greatly  swollen  in  conse- 

Suence.  About  the  time  of  the  completion  of  the  season's  CTOwth  in 
une  the  diseased  branches  turn  gray  and  the  parts  soon  soften,  then 
dry  up  and  die.  Shoots  which  arise  the  following  year  just  below 
these  dead  extremities  are  most  frequently  affected  by  the  disease. 

So  far  as  our  observations  have  extended,  the  disease  is  never  wide- 
spread in  its  effects;  that  is  to  say,  it  never  sweeps  over  the  country 
attacking  all  varieties  of  the  plum  alike,  but  on  the  contrary  it  often 
happens  that  a  particular  tree  will  bear  nothing  but  '^pockets,'' while 
adjacent  trees  of  the  same  variety,  grown  under  precisely  the  same 
conditions,  show  no  traces  whatever  of  the  disease.  It  is  difficult, 
therefore,  to  estimate  even  approximately  the  amount  of  injury  the 
parasite  occasions,  but  enough  is  known  concerning  its  ravages  to 
fully  demonstrate  its  gravity. 

As  a  rule  a  tree  that  has  on(5e  borne  a  crop  of  the  "pockets"  sel- 
dom recovers,  but  continues  with  each  succeeding  year  to  produce  a 
f greater  or  less  number  of  the  malformations.  All  plums  are  more  or 
ess  subject  to  the  attacks  of  the  parasite,  but  it  is  usually  more 
abundant  on  the  red  and  purple  varieties.  It  also  occurs  in  this 
country  upon  the  wild  red  plum,  Prunus  Americana;  the  beach  plum, 
Prunus  maritima;  the  dwarf  cherry,  Prunus  pumila;  the  wild  black 
cherry,  Prunus  serotina;  and  the  choke  cherry,  Prunus  Virginiana. 

m.— BOTANICAL  CHARACTERS. 

A  microscopic  examination  of  one  of  the  diseased  plums  will  show 
that  the  fungus  occurring  within  the  tissues  consists  of  three  parts, 
namely,  (1)  mycelium;  (2)  asci;  (3)  spores  or  reproductive  bodies. 

The  mycelium  or  vegetative  portion  consists  of  colorless,  septate 
filaments,  which  may  nrst  be  seen  in  the  soft  bast  of  the  fibro- vas- 
cular bundles  that  penetrate  the  flesh  of  the  fruit.  They  multiply 
at  first  in  the  tissues  of  the  **  pockets,"  and  afterwards  pass  towards 
the  surface.  Some  of  the  hyphae  push  m\)  between  the  epidermal  cells 
and  spread  out  between  these  and  the  cuticle.  Here  by  repeated 
branching  and  interlacing  they  form  a  net- work  which  is  not  more 
than  one  cell  deep  (Figs.  2, 3).  The  threads  forming  this  net- work  are 
composed  of  very  short  cells,  not  more  than  twice  as  long  as  broad, 
which  soon  start  an  independent  growth  at  right  angles  to  the  sur- 
face of  the  pocket,  forming  small  cylinders  standing  close  side  by  side, 
but  apparently  unconnected  (Fig.  4).  They  at  first  carry  the  cuticle 
upon  tneir  ends,  but  finally  rupture  it  and  appear  on  the  surface. 
Tnese  bodies  are  the  immature  asci.  They  are  at  first  filled  with  a 
rich  granular  protoplasm,  which,  as  they  increase  in  length,  passes 
into  their  free  ends  and  is  cut  off  from  the  rest  of  the  tube  by  a  septum. 
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The  portion  above  is  now  the  ascus  proper,  and  occupies  about 
two-thirds  of  the  length  of  the  tube,  the  remainder  constituting  the 
pedicel.  The  protoplasm  now  rounds  itself  off  into  several,  usually 
eight,  spores  (Fig.  0).  These  are  colorless,  globose,  and  about  4  /i 
in  diameter.  The  mature  asci  are  club-shaped,  40  to  GO  //  long  by  8 
to  16  /i  in  diameter.  They  stand  closely  side  oy  side,  the  pedicel  sup- 
ported upon  the  upper  surface  of  the  epidermal  cells  so  that  nO  part 
of  the  asci  extends  within  the  tissues. 

The  spores  escape  when  ripe  by  rupturing  the  free  end  of  the  ascus. 
They  germinate  readily  in  water  by  the  formation  of  an  excrescence 
or  bud,  which  soon  assumes  a  shape  about  like  that  of  the  parent 
spore.  The  daughter  spore  in  turn  gives  rise  to  a  second  bud  like  the 
first,  and  this  process  continues  for  several  generations,  or  until  the 
nourishment  in  the  fluid  is  exhausted.  If  mature  spores  are  detained 
within  the  ascus  germination  frequently  follows,  and  as  a  result  the 
latter  becomes  filled  with  innumerable  sprouts  of  various  orders  and 
sizes,  which  readily  separate  and  escape  as  individual  spores  when 
the  ascus  is  ruptured.* 

From  the  foregoing  facts  it  is  seen  that  the  fungus  is  abundantly 
able  to  propagate  itself.  Each  *  *  pocket "  develops  countless  numbers 
of  ^sci,  ana  each  ascus,  as  a  rule,  contains  no  less  than  eight  spores, 
which  upon  germination  give  rise  to  several  generations  of  daughter 
spores.  Notwithstanding  the  ease  with  which  the  spores  germinate, 
no  one  has  succeeded  in  infecting  healthy  plums  with  them. 

The  mycelium  of  tte  fungus  is  found  in  the  smaller  branches  in 
early  spring  before  the  diseased  fruit  appears,  which  seems  to  indi- 
cate that  it  may  live  from  year  to  year  m  the  tree  itself;  moreover, 
the  annual  recurrence  of  the  "pockets"  on  the  same  tree  furnishes 
additional  proof  of  this  fact. 

The  only  course  of  treatment  which  a  knowledge  of  the  facts  in  the 
case  suggests  is  to  remove  and  destroy  the  "pockets"  before  they 
reach  maturity.  In  doing  this,  it  would  seem  to  be  well  to  cut  back 
the  brandies  so  as  to  destroy  all  the  parts  which  are  likely  to  contain 
the  mycelium  of  the  fungus.  Instances  have  come  under  our  obser- 
vation where  tliis  practice  was  followed  for  two  or  three  years  with 
decidedly  beneficial  results. 
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9. — Apple  Rusts.* 

(Platea  XI,  XH.) 

I.— GENERAL  OBSERVATIONS. 

Orchard  rusts  have  long  been  known  as  troublesome  pests  to  the 
apple,  quince,  and  other  cultivated  fruits,  often,  doing  much  injury 
to  the  crop.  It  is  not  the  present  purpose  to  enter  into  a  discussion 
of  the  destructiveness  of  tnese  fungi,  but  assuming  that  their  eradi- 
cation is  desired  the  allotted  space  will  be  occupied  in  outlining  the 
present  knowledge  of  the  rust  plants  and  suggesting  remedies  which 
nave  borne  the  test  of  trial,  or  may,  in  the  light  of  a  fuller  under- 
standing of  the  fungi,  prove  of  advantage  in  diminishing  tlieir  in- 
roads upon  an  important  industry. 

As  now  imderstood,  the  apple  rusts  are  forms  of  species  of  the 
genus  Ghjmnosporangium,  which  live  upon  the  cedars  or  junipers 
Tjuniperus  SinaCupi^essus)  in  one  stage  and  upon  the  apple  inanotner. 
These  two  forms  in  the  lire  history  of  the  parasite  are  so  very  differ- 
ent in  outward  appearance  that  the  early  botanists  classified  them  as 
distinct  species  indifferent  genera.  Those  upon  the  cedars,  as  above 
stated,  are  Ghnnnosporangia^  and  the  forms  upon  the  apple  are  mem- 
bers of  th5  did  genus  RcBstelia,  As  the  condition  upon  the  cedar 
precedes  that  upon  the  apple,  iii  the  cycle  of  life  of  the  fungus,  it  is 
proper  that  we  first  confine  our  attention  to  the  form  upon  the  juniper 
group. 

Th^  geilus  Oymnosporangium  is  a  member  of  the  group  Ure- 
dinece,  or  true  rusts,  to  which,  also,  belong  Puccinia,  Uroinyces^ 
Phragmidium,  and  U  number  of  less-known  genera,  as  well  as  the 
old  form-genera  Uredo,  ^cidiuvi,  etc.  The  order  Uredinecb  is 
one  of  parasites,  and  many  of  them  are  particularly  destructive  to 
fairm  and  garden  crops.  We  have  onlv  to  point  to  the  wheat, 
<5at,  rye,  and  barley  rusts,  and  those  or  many  grasses  and  other 
crops,  to  convince  tne  general  reader  that  the  groups  to  which  his 
attention  is  called  is  one  aboundihg  in  injurious  species.  An  out- 
line of  the  life  history  of  the  wheat  rust  may  help  in  explaining  the 
meaning  of  the  term  form-genus,  and  at  the  same  time  prepare  the 
way  for  a  more  thorough  understanding  of  the  cycle  througii  which 
tte  apple  rusts  pass. 

Th^  nlst  of  the  wheat  was  first  named  r7?'f(/oZmear/sUnd  described 
as  a  distinct  species.  A  rust  upon  the  barberry  was  designated 
j^cidium  berberidis,  and  another  form  of  fungus  upon  the  wheat  was 
styled  Puccinia  graminis.  Tulasne,  thirty  years  ago,  advanced  the 
idea  that  the  Uredo  species  were  only  early* forms  in  tlie  development 
of  species  of  Puccinia.  In  1863  De  Bary f  added  the  belief  that  the 
^ciditim  species,  so  called,  were  likewise  forms  in  the  life  history  of 
Puccinia,  UroTnyces,  and  allied  genera,  and  that  they  preceded  the 
Uredo  stage.  De  Bary's  view  was  based  upon  a  very  careful  study 
of  the  wheal  rust.  The  spores  found  late  in  the  season  upon  tne 
wheat  culms,  and  appearing  as  dark-brown  j^atches,  were  germinated, 
producing  small  Spores  upon  the  tips  of  minute  filaments.     These 

sporidia  De  Bary  found  would  not  grow,  except  upon  the  leaves  of 

„ — ■  -    -- .  " .-. . 

*By  Byron  D.  Halsted. 

f  Recherches  8ur  le  developpement  de  cjuelques  champignons  parasites. — Ann.  dee 
Sc.  Nat.,  4,  Ser.  1-30. 
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the  common  barberry,  where  they  vegetated  and  produced  in  a  short 
time  the  true  barberry  rust  {JEcidium  berberidis).  The  spores  are 
borne  in  cups  grouped  together;  hence  the  common  name  of  "  clus- 
ter cup  "  for  the  fungus.  When  the  spores  contained  in  the  cups 
find  their  way  to  the  blades  of  wheat,  germination,  quickly  follows; 
the  slender  threads  called  mycelia  or  hyphse  penetrate  the  plant  ana 
there  vegetate.  In  a  short  time  a  yellowish  patch  is  produced,  and 
the  imbedded  fungus  by  rupturing  the  epidermis  exposes  the  orange 
dust  characteristic  of  the  wneat  rust.  Following  the  Uredo  linearis 
is  the  final  state,  or  Pticcinia  graminis,  the  one  with  which  De  Bary 
started. 

It  will  be  seen  to  follow  from  the  pains-taking  investigation  of  the 
celebrated  German  botanist  that  what  were  called  distinct  species 
become  only  forms  of  the  same  species,  and  were  all  the  life  nisto- 
ries  of  the  various  kinds  of  rusts  known,  it  is  probable  that  such 
genera  as  Uredo  and  ^cidium  would  cease  to  remain.  They  are  re- 
tained to  accommodate  those  forms,  the  genetic  relationship  of  which 
has  not  as  yet  been  determined.  In  deciding  upon  the  name  for  the 
polymorphic  fungus  it  is  natural  to  select  the  final  form;  therefore, 
m  case  of  the  examples  here  briefly  outlined,  the  spqcies  is  Puccinia 
graminis,  Pers. ,  which  includes  all  the  stages.  A  common  method 
of  indicating  the  .^cidium,  Uredo,  and  Puccinia  (teleutosporic)  forms 
is  by  Romam  numerals.  Thus  whatever  in  the  description  of  the 
species  comes  under  I  refers  to  the  JEcidium  state;  under  II  to  the 
uredo,  and  III  represents  the  final  form. 

Let  us  now  glance  at  some  of  the  distinguishing  characteristics  of 
the  three  forms  above  mentioned.  The  final  spore  formation  called 
the  teleutospore,  in  Puccinia  graminis,  as  in  all  members  of  the 
genus  Puccinia,  is  composed  of  two  cells,  usually  very  closely 
united  by  their  bases  and  spoken  of  as  a  single  spore.  It  is  virtually 
a  winter  condition  of  tlie  species,  with  the  protoplasm  condensed 
within  and  surrounded  by  tnick  protecting  walls.  These  cells  ger- 
minate ill  any  moist  place  in  spring,  producing  a  slender  filament  usu- 
ally somewhat  branched,  and  finally  bearing  a  small  spore  upon  each 
tip.  This  first  form  of  spore  is  not  ranked  as  a  distinct  state,  be- 
cause it  is  simply  the  escaped  condition  of  the  vital  substance  of  the 
teleutospore  in  a  shape  to  facilitate  the  multiplication  and  easy  dis- 
semination, as  well  as  penetration  into  the  host  of  the  essential  part 
of  the  teleutospore.  The  ^cidium,  as  seen  upon  the  barberry  leaf, 
assumes  in  its  full  development  a  cup  like  structure  with  wall  and 
contents.  The  portion  of  leaf  which  is  infested  is  somewhat  thicker 
than  the  normal  parts,  often  of  a  yellow,  orange,  or  even  reddish 
color — and  in  this  thickened  patch  develop  the  secidia  or  cups. 
These  form  within  the  infested  substance,  and  only  become  cup  Ime 
when  they  rupture  the  epidermis,  and  the  exposed  end  of  the  wall 
breaks  irregularly  and  the  edges  turn  outward,  thus  forming  the  mi- 
nute cup,  within  which  the  multitudes  of  aecidial  spores  are  borne  in 
closely-packed  rows,  and  upon  this  account  are  often  quite  polyg- 
onal. In  the  early  stag-e  of  the  development  of  this  fungus  in  the 
infested  portion  of  the  leaf  there  are  minute  oval  or  flasK-shaped  or- 
gans called  spermogonia,  produced  usually  upon  the  opposite  side 
of  the  leaf  to  that  finally  bearing  the  cups.  Small  oval  Dodies  are 
produced  within  the  spermogonia,  but  their  function  is  not  known — 
the  conjecture  has  been  simply  that  they  take  part  in  a  process 
of  fertilization  not  yet  discovered.    The  most  recent  papdr  upon  the 
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wheat  rust  is  by  H.  Marshall  Ward,*  with  excellent  illustrations, 
which,  with  the  classic  contribution  of  De  Bary  previously  cited, 
will  giv.e  the  interested  student  a  full  knowledge  of  the  present  as- 

Eect  of  the  subject.  In  theUredo  state,  upon  the  grass  tne  fungus 
as  no  wall  or  cup  consisting  of  its  own  tissue,  but  is  made  up  of 
masses  of  threads  which  congregate  under  the  epidermis,  finally 
bursting  it  and  exposing  the  elliptical,  finely  spinose,  orange  spores, 
borne  smgly  and  terminally  upon  long,  slender  stalks. 

These  uredospores  quickly  germinate  and  become  the  centers  of 
mycelial  growth  for  the  production  of  pustules  containing  the  final- 
or  teleutospores  which,  in  their  general  method  of  formation  from 
the  hyphse  and  the  rupturing  of  the  epidermis,  agree  closely  with 
the  uredo  form,  except  that  tney  are  not  easily  detached  from  their 
pedicels. 

Having  thus  purposely  repeated  the  essentials  in  the  life  history 
of  a  leading  member  of  the  genus  Puccinia,  the  careful  reader  is 
prepared  to  enter  upon  a  more  elaborate  treatment  of  an  allied  group 
of  species. 

n.— THE  GENUS  GYMNOSPORANGIUM. 

This  genus  is  in  some  respects  closely  related  to  Puccinia.  These 
two,  out  of  several  genera  in  the  group  Uredinece,  are  the  only  ones, 
for  example,  which  nave  the  teleutospores  as  a  rule  two-celled,  as 
shown  at  Fig.  4  in  Plate  XII.  The  chief  differences  are  in  the  time 
of  year  when  the  teleutospores  are  formed  and  the  presence  of  a  ge- 
latinous surrounding  to  the  spores.  The  pedicels  or  spore-bearing 
stalks  are  usually  hyaline,  more  slender,  and  much  longer  in  Ghunir 
nosporangium  than  in  Puccinia,  a  necessary  difference  due  to  adap- 
tation to  the  unlike  conditions. 

History  of  the  genus, — The  genus  was  founded  by  De  CandoUe 
in  1805.  t  Four  years  later  Link  J  made  a  division  based  upon  the 
shape  of  the  gelatinous  substance,  placing  those  with  cylindrical 
masses  in  Podisoma.  This  division  was  long  retained,  but  is  now 
generally  considered  as  unnecessary.  Of  the  nine  species  of  the 
genus  now  known  in  the  United  States  all  are  parasitic  upon  a  small 
group  of  the  Coniferos,  or  subfamily,  the  Cupressinece. 

Two  species  are  confined  to  the  white  cedar  {Cupressus  thyoides); 
three  inhabit  exclusively  the  red  cedar  (Juniperus  Virginiana);  two 
have  both  of  the  above  cedars  for  hosts;  one  upon  common  juniper 
(Juniperus  communis)  and  one  upon  Juniperus  occidentalis  of  the 
Rocky  Mountains.  All  but  the  last  are  treated  of,  and  with  a  mas- 
ter's nand,  by  Dr.  Farlow,§  to  whom  the  writer  is  under  special  ob- 
ligations for  matter  used  in  this  paper. 

Characteristics  of  the  species. — The  species  are  founded  upon  the 
size,  color,  and  approximation  of  the  gelatinous,  sporif erous  masses, 
and  the  measurements,  septa,  color,  number,  and  position  of  promy- 
celia  produced  from  each  spore  cell,  and  the  character  of  the  distor- 
tions of  the  host  plant.  The  promycelia  are  the  filaments  which 
grow  from  the  spore  cells  when  they  undergo  the  process  of  germi- 
nation.   At  Fig.  5  in  Plate  XII  is  shown  a  teleutospore  undergoing 

♦  Illustrations  of  the  structure  and  life  history  of  Puccinia  graminis,  the  fungus 
causing  the  "rust"  of  wheat. — Annals  of  Botany,  Vol.  II;  p. 317;  2  plates, 
t  Flore  Frangaise,  Vol.  II. 
1  Observations  in  Ordinis  plantarum,  1809. 
4.t  I  TheH^yjWipamT^neift  or  Cedar  Avjoles  of  the  United  States,  from  Memoirs  Bos- 

ton Soc.  Nat.  History  1880. 
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germination.    A  promycelium  proceeds  from  each  cell,  and,  branch- 
mg,  bears  sporidia  upon  the  tips. 

The  size  of  the  gelatinous  masses  varies  greatly  among  the  different 
kinds.  In  most  of  the  species  the  fungus  is  perennial  and  usually  of 
a  slower  growth  than  with  those  living  for  a  single  year.  This  may 
account  in  part  for  the  characteristic  differences,  for  the  hyphse  or 
vegetative  tlireads  of  all  the  species  are  in  themselves  very  much 
alike.  Thus,  in  a  slow-growing  species  with  a  small  amount  of  my- 
celium there  would  naturally  be  less  distortion  for  the  same  length 
of  time  than  in  a  quick-growing  annual  species  with  a  large  percent- 
age of  mycelium  within  the  tissue  of  the  host.  But  even  this  attempt 
at  an  explanation  does  not  render  it  clear  why  two  species  made  up 
of  almost  indistinguishable  filaments  in  equal  amounts,  and  growing 
at  the  same  rate  over  equal  periods  of  time,  should  give  rise  upon  the 
same  tree,  or  branch  of  the  tree,  to  widely  different  distortions  of 
the  host.  In  some  of  the  perennial  species  the  fungus  lives  mostly  in 
the  cambium  layer  and  stimulates  an  excessive  deposition  of  wood 
from  year  to  year  in  the  infested  part  until  it  becomes  several  times 
larger  than  the  normal  portion  above  and  below  the  excrescence. 
Of  such  are  the  conspicuous  swellings  upon  the  branch  of  white  ce- 
dar caused  by  G.  biseptakim,  Ellis.  In»others  the  mycelium  spreads 
rapidly  through  the  young  twigs,  robbing  and  dwarfing  them  until 
a  dense  tuft  results  unlike  the  healthy  twigs  of  the  cedar.  The  fan- 
ciful ng-me  of  "  Witches'  Broom"  is  not  inaptly  applied  to  such  dis- 
tortions produced  by  G,  EUisii  (Berk.),  Farl.  Other  species  are 
more  local  in  their  attacks  and  confine  their  work  to  a  small  cedar 
leaf,  and  the  result  is  one  of  the  so-called  "  apples,"  often  soft  in  text- 
ure, duo  to  the  large  percentage  of  hyphae  and  the  rapid  growth  of 
the  gall-like  structure.  The  response  of  the  cedar  plant  to  the  stim- 
ulus" induced  by  the  young  fungus  is,  perhaps,  not  unlike  that  fol- 
lowing an  insect's  sting,  and  one  is  about  as  easy  to  explain  as-  the 
other.  The  gelatinous,  sporif  erous  masses  vary  greatly  in  size,  color, 
and  their  proximity  to  eacn  other.  In  Gymnosporangium  EUisii  they 
are  quite  minute,  almost  invisible  when  dry,  and  of  a  reddish  brown 
color,  orange  after  a  rain,  when  they  are  swollen  by  the  moisture  to 
nearly  a  quarter  of  an  inch  in  length  and  scattered  over  the  larger 
twigs  composing  the  '* broom-like"  distortion.  In  G.  hiseptatuvi^ 
above  cited  for  its  knotty  excrescences  sometimes  several  inches  in 
diameter,  the  gelatinous,  spore-bearing  masses  are  borne  in  the  cracks 
and  fissures  oi  the  distorted  stem  as  rugose,  shapeless  tufts  of  light 
yellow  jelly.  Other  species  have  the  spore-bearing,  gelatinous  out- 
growths from  the  excrescence  proper  projecting  for  a  considerable 
distance,  often  more  than  an  inch,  when  swollen  by  prevailing  moist- 
ure. In  such  there  is  a  striking  difference  between  the  expanded  form 
and  the  dry  condition  when  the  horns  of  jelly  have  dried  down  and 
almost  disappeared. 

Injury  fo  me  hosts, — All  of  the  species  of  Gymnosporangia  are  in- 
jurious to  the  hosts  but  not  in  the  same  degree.  It  is  not  the  most 
conspicuous  species  that  necessarily  effects  the  greatest  injury.  For 
example,  a  showy,  rapidly  growing  annual  may  do  less  harm  and  bo 
more  (ju  ickly  eradicated  than  a  persistent,  deeply  seated  perennial.  If 
the  destructive  work  of  the  species  was  confined  to  the  cedars  of 
various  sorts  lliere  would  be  no  serious  complaint,  but  because  in 
one  form  tlif-y  trespass  upon  the  apple,  quince,  and  other  closely 
allied  cultivated  plants,  they  are  dreaded  by  the  fruit-grower  under 
the  common  name  of  *'  Orchard  Rusts." 
AG  88 2-i 


374  REPORT   OF   THE   COMMISSIONER    OF   AGRIOULTURB. 


in.— THE  ROE8TELIA  FORMS. 


With  this  preliminary  treatment  of  the  first  form  of  the  species  of 
Ghymnosjyorangia,  let  us  pass  to  a  brief  consideration  of  the  second 
state,  worse  than  the  first;  after  which  an  injurious  species  is  to  be  taken 
up  for  special  inspectic)n.  The  old  genus  under  which  the  orchard 
rusts  wore  classified  by  early  botanists  is  Rcestelia.  This  corresponds 
with  and  is  not  very  diflferent  from  the  genus  ^cidium,  which  was 
treated  of  while  considering  the  polymorphic  nature  of  Puccinia 
gramini^,  and  known  commonly  as  the  **  cluster-cup"  form,  growing 
upon  the  barberry.  The  chief  difference  is  in  the  size  of  the  wall 
^peridium)  of  the  cup,  which  in  ^cidium  is  short,  while  amon^  RopS" 
ielia  it  is  prolonged  into  a  tube  often  several  times  as  lonff  as  broad. 
In  some  species  of  the  latter  genus  the  cups  or  "horns"  ao  not  pro- 
duce a  fringed  mouth  at  the  top  as  is  usual  in  ^cidhim,  but  the  cells 
of  the  peridium  remain  closed  at  the  apex,  and  below  separate  from 
each  other  longitudinally,  forming  meshes  tor  the  escape  or  the  spores. 

These  prolonged  cups  are  borne  usually  in  clusters  upon  the  under 
side  in  thickened  patches  of  the  infested  leaves  or  fruit  of  various 
pomaceous  species  of  the  order  Rosacece,  as  for  example  the  apple  and 
quince.  Some  species  freauently  attack  the  young  fruit  and  twigs 
and  in  developing  greatly  aistort  them.  This  is  particularly  true  of 
RoesleltaauraniiacCb,  PecK.,  which  infests  several  species  of  hawthorn 
(^CratcBgiis),  juneberry  (Amelanchier),  and  apples  and  quinces.  This 
is  a  very  beautiful  species  having  brilliant  orange  spores,  suggesting 
the  specific  name,  and  when  growing  in  a  large  succulent  iruit  is 
usually  attractive  to  the  eye,  if  one  can  overlook  the  damage  that  the 
fungus  has  wfouffht.  Quinces  have  f rec^uently  been  seen  of  more  than 
hall  their  natural  size  and  almost  entirely  covered  with  the  densely 
aggregated  broad  cups  which  bear  their  shining  white  peridia,  re- 
curved and  exhibitine;  the  masses  of  bright  orange  spores  within. 

The  leading  points  m  the  classification  of  the  Rcestelia  are  gross  ap- 
pearance of  affected  parts  ^Plat^  XI,  Fig.  1),  location,  size,  form,color, 
and  proxmity  of  the  tecidia;  color,  size,  and  markings  of  the  spores 
and  peridial  cells,  and  location,  number,  and  color  of  spermogonia. 

The  first  indication  of  an  attack  6f  Rccsfelia  is  a  slight  discolora- 
tion of  the  part,  usually  the  leaf,,  followed  Ijy  minute  flask-shaped 
bodies,  the  spermogonia  filled  with  minute  tree  cells  of  unknown 
use.  Soon  after,  usually  upon  the  opposite  side  of  the  leaf,  appear 
the  oecidia  which  bear  the  Spores  (rlate  Xll,  Figs.  2,  3)  that  when 
returning  to  the  Cupressinece  develop  the  Cfyvinosporangiuin  and 
thus  complete  the  cycle  of  the  fungus.  As  before  stated,  this  rela- 
tionship between  the" fungi  upon  the  Pomece  and* the  Ctipressine<v  was 
long  ago  suspected,  but  not  until  within  a  few  years  has  the  actual 
demonstration  been  furnished.  Dr.  Farlow  was  among  the  first  in 
this  country  to  take  up  the  work  in  a  systematic,  scientific  manner. 

In  **the  Gymnosporangia,  or  cedar  apples  of  the  United  States,"* 
he  recognized  eight  species  of  the  genus  OymnosporangiuTn  and  an 
equal  number  of  Rcpsfelia,  but  was  at  that  time  unable  to  fully  estab- 
lish the  genetic  relation  between  the  two  forms. 

In  Feoruary,  18S5,t  he  concluded  tlyit  O,  biseptahnii,  Ell.,  and 
jR.  hotyrapiies,  Schw.,  were  probably  connected;  also  0.  globosiim, 
Farl.,  ana  R,  auranfica,  Pk.,  and  that  Q,  marroprus,  Lk.,  had  its 
RcBstelia  on  apples  and  Avielaiichier, 

*  Memoir  1.  c.     Boston  Soc.  Nat.  History,  1880. 

t  Notes  on  some  species  of  OiKnnosporangia  and  Chrysovivxa  of  the  United 
States.     Am.  Acad.  Arts  and  Sc. 
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There  are  two  chief  means  of  gaining  information  upon  questions 
of  relationship  in  the  forms  of  parasitic  lungi;  first,  bv  studying  with 
great  care  the  geographical  range  of  each  form,  and  secondly,  and 
most  conclusively  of  all,  by  cultures.  For  example,  if  there  is  any 
considerable  territory  over  which  only  one  Gymnosporangium  flour- 
ishes, and  is  followea  by  a  single  form  of  RiBstelia^  it  would  not  be 
unfair  to  suspect,  at  least,  that  these  two  forms  were  of  the  same 
species.  Sucii  facts  as  these  have  given  strong  hints  to  aid  in  the 
systematic  culture  of  the  forms.  Tne  time  of  maturing  the  spores 
also  enters  as  evidence  of  no  small  value. 

Thus,  i?.  hotryapites  upon  i\iQ  Amelaiicliier  \»  late  in  maturing, 
scarcely  being  ripe  before  October,  while  the  cedar  apples  of  6r. 
macropus  begin  forming  in  fearly  summer;  therefore  at  the  outset 
there  is  circumstantial  Evidence  kgainst  these  forms  being  genetically 
related.  In  this  connection,  however,  it  must  not  be  forgotten  that 
most  Oymnosporangia  kve  perennials  and  that  the  same  maybe  time 
of  the  Rces fella.  Consequently  the  only  Entirely  satisfactory  method 
of  determining  the  relationship  is  by  culture,  and  this  consists  in 
growing  certain  Rcestelia  upon  the  hosts  and  failing  to  grow  all 
others,  by  repeatedly  sowing  the  Oymnosporangium  spores,  under 
favorable  conditions,  while  at  the  same  time  preventing  access  of  any 
other  kind  of  teleutospores. 

Mr.  R.  Thaxter,  a  graduate  student  under  Dr.  Farlow,  hfiw  been 
successful  in  this  experimental  work,  and  now  with  considerable  con- 
fidence the  connection  between  several  species  of  Oymnosporangia 
and  Bees  fella  can  be  stated.  Without  attempting  to  give  the  details 
of  Mr.  Thaxter's  paper*  the  summary  of  results  is  here  repeated: 

1.  G.  contcum,  D  C.=R.  comuta  (Ehr.),  Fr. 

2.  G.  (tlavipea,  C  ScV.  =  R.  aurantiacay  Pk. 

8.  G.  clavaria^fomiey  D  C.=E.  lacerata  (Sow.),  Fr. 

4.  G.  macrojms,  Lk.=-R.  wira^a(Schw.),  Thax. 

5.  G.  biseptatum.  Ell. = if.  hotryapites,  ^\v\\ 

6.  G,  Elhsii,  (Berk.)  Farl.^i^.  tran^ormanSy  Ell.,  probably. 

7.  G,  glohosum,  Farl.  ? 

If  we  construct  another  table  gi^'ing  the  hosts  for  each  form,  as 
has  been  done  by  Prof essor  Seymour,  f  it  would  indicate  new  points 
of  interest: 

1.  G.  Ellisii  )  Pirus  arbutifolia  )   r»  ^^^^a.,^^*,.  i 

-  White  cedar  Cultivated  apple  f  ^-  '^worwona  1. 

2.  G.  hiseptatum  )  "    Juneberry  ig.  botryapite*  2. 

3.  G.  glohosum  1  Mountain  ash  ) 

Juneberry         V  R,  comiuta  4. 

4.  G.  conicum     ^  Red  cedar  Hawthorn        ) 

f).  G.  mcicropus]  Crab  apple  ) 

Cultivated  apple  [•  R,  pirata  5. 

Juneberry  ) 

Hawthorn  ") 

Juneberry  {  r>  *•        a 

Quercus  "t  R.  auvantiaca  ^. 

6.  G.  clavipcs)   Red  cedar  Cultivated  apple  J 

>       and 

7.  G.  fu.'H'um  )   Juniper  ? 

Hawthorn  ) 

8.  G.  cinva rii L'forme— Juniper  Juneberry  [.  R.  lacerata  8. 

Wild  and  cultivated  apple  ) 


■^"■^••^►••■^^ 


*  On  c(Mtain  cultures  ( )f  Gyninosporangia,  with  Notes  on  their  Rcjestolia.   At»,  Acad. 
Arts  and  Sci.,  1886,  p.  259. 
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Among  the  CupressinecB  it  will  be  seen  that  the  red  cedar  is  the 
favorite  nost,  no  less  than  four  species  infesting  it.  Of  the  PomecB 
the  juneberry  takes  the  lead  with  five  species. 

At  least  four  species  may  infest  the  cultivated  apple,  namely:  R. 
transformans,  a  form  of  (?.  EUisii  on  white  cedar  CCupressus  thy- 
oides),  R,  aurantiaca,  of  G.  clavipes  on  red  cedar  Ijuniperus  Vir- 
giniana),  R,  lacerata  of  G.  clavariceforme  on  juniper  {juniperus  com- 
munis)  y  and  jB.  pirata  of  G,  macropus  on  red  cedar. 

This  should  be  borne  in  mind  while  we  treat  in  detail  of  (?.  7710- 
cropus,  which  is  the  species  credited  with  causing  the  principal  part 
of  the  rust  of  the  apple  orchard. 

IV.— aYMNOSPORANGnJM   MACROPUS,    LK.* 

This  species  (Plate  XI,  Fig.  2)  is  the  Common  "  cedar  apple"  of  the 
United  States,  and  during  moist  weather  in  sirring  produces  con- 
spicuous orange  galls. 

History, — It  was  first  described  by  Schweinitz  in  1882  as  Gymno- 
sporangiv/m  juniperi-virginiance.  In  1825  Link  named  it  Gynino- 
sporangiwm  macropus,  he  having  previously  (1809)  constructed  the 
genus  Podisom^a  to  include  those  species  possessing  the  gelatinous, 
sporiferous  masses  more  or  less  conical  or  cylindrical.  There  is 
seemingly  no  good  reason  for  his  excluding  this  Species  from  his  new 
genus.  In  1831  Schweinitz  adopted  Link's  specific  name,  accepted 
his  new  genus,  and  called  the  species  Podisoma  macropus,  Schw.,  by 
which  name  it  has  been  generally  known  until  Within  the  last  few 
years.  -Recent  mycologists  have  considered  that  the  mere  shape 
of  the  gelatinous  tufts  is  not  generic,  and  being  convinced  that 
Schweinitz's  original  specific  name  was  awkward  and  misleading,  as 
four  other  species  grow  upon  Juniperus  Virginiana,  by  common 
consent  the  name  here  employed  has  oeen  agreed  upon.  Schweinitz 
had  himself  already  adopted  Link's  specific  term. 

Geographical  distribution, — This  species  is  found  with  its  host  over 
a  wide  range  of  territory,  but  not  in  equal  abundance,  wherever  the 
red  cedar  grows.  The  introduction  01  the  juniper  into  new  locali- 
ties has  been  followed  by  this  parasite,  so  that  tiie  *' apple"  may  bo 
generally  considered  a  quite  constant  accompaniment  01  the  cedar. 

External  characters, — The  "apple"  or  gall  usually  forms  a  some- 
what kidney-shaped  excrescence,  attached  by  a  small  base  on  the 
concave  side,  ana  varying  in  size  from  a  half  an  inch  tc^an  inch  and 
a  half  in  length.  A  careful  search  will  reveal  the  first  beginning  of 
the  enlargement  some  time  in  midsummer,  much  depending  upon 
the  weather  previous  to  this  tim6.  The  fungus  attacKS  the  leaves, 
and  after  vegetating  for  a  time,  develops  a  small  external  swelling 
of  the  size  of  a  pin  head  upon  one  side.  This  continues  to  enlarge 
until  the  normal  dimension  is  reached.    A  fully  developed  ** apple" 

•Synonyms: ^^ 

Uymnosporanginm  Jiuiiperi-virginiance,  Schw.    Syn.  Fung.  Carl.;  Sup.,  p.  74; 

No.  504;  1822. 
Oymnosporanghtvi  macropus.  Link.     Sp.  Plant;  Vol.  VI;  part  2,  p.  128;  1825. 
^Fidisomajuniperi-virginiancEj  Fr.     Syst.  Myc;  Vol.  Ill;  p.  57;  1832. 
Podisoma  mncropiis,  Schw.    Svn.  Fung,  Am'  Bor. ;  p.  307:  No.  8096.     Sprague's 

Ckjntrb.  N.  E.  MycoL;  p.  329.     Curtis  Pi.    N.  C;  p.  121.     Peck's  23d  N.  Y. 

Rept.;  p.  57. 
Exsiccata:  Kavenel  Fung.  Car.  1;  No.  85.     Ellis  N.  A.  F.,  3;  No.  270.    Tham. 

Myc.  Unv. ;  No.  148. 
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seems  often  to  be  an  outgrowth  from  the  branch  and  frequently  ap- 
pears terminal  upon  the  twig  because  the  stem  above  it  was  crowded 
to  one  side  or  dwarfed  and  lost  from  view.  When  winter  sets  in 
those  excrescences  are  of  nearly  full  size,  of  a  beautiful  light  choco- 
late color,  and  exhibit  a  uniform  series  of  shallow  pits. 

Microscopic  cliarncters. — At  this  time  the  gall,  in  thin  sections, 
under  a  liigh  magnifying  power  is  seen  to  consist  of  a  mass  of  oval, 
thick-walled  cedar  cells  packed  together  in  an  irregular  manner,  and 
ramifying  among  them  are  the  hyjihae  of  the  fungus.  During  the 
early  spring,  when  moist  warm  weather  comes,  the  threads  or  the 
*' apple''  congregate  at  the  base  of  each  of  the  circular  disks,  each 
thread  developing  a  double  spore  upon  its  tip,  at  tlie  same  time 
secreting  a  large  amount  of  jelly  and  nushing  out  a  horn  of  orange- 
yellow,  elastic,  gelatinous  substance  (Vlate  XI,  Fig.  2). 

At  this  time  the  galls  are  most  conspicuous,  and  the  cedar  trees 
when  badlv  infested  a^Dpear,  after  an  April  and  May  shower,  as  if  in 
bloom,  and,  in  fact,  the  soft  excrescences  are  commonly  known  as 
'*  cedar  flowers.*'  While  these  horns  are  extended  and  before  having 
dried  down  by  fair  weather  the  teleutospores  (Plate  XII,  Fig.  4)  un- 
dergo the  process  of  germination  (Fig.  5).  Wlien  the  gelatinous 
masses  become  shrunken  by  drying,  the  sporidia,  formed  upon  the 
tips  of  the  promycelia  (Fig.  5  a  a),  are  brought  into  a  condition  to  be 
easily  removed  and  carried  away  by  the  wind.  When  another  rain 
comes  new  spores  mature  and  undergo  the  same  process  of  secondary 
spore  formation.  After  the  season's  crop  of  spores  has  been  producea 
the  excrescence  becomes  almost  as  hard  as  Done,  and  soon  loses  its 
attacliment  to  the  tree.  In  other  words,  the  Oymnosporangiura  with 
which  we  are  now  more  especially  concerned  is  an  annual.  The  galls 
may  remain  upon  the  branches  lor  more  than  one  summer,  but  only 
as  dry  and  dead  knots  after  the  first  year,  and  the  retention  is  merely 
accidental. 

Conditions  favoring  the  development  of  the  fungus, — The  time  in 
the  spring  for  the  maturing  of  the  spores  is  largely  determined  by 
the  weather.  This  may  be  illustrated  by  citing  some  experiments 
carried  forward  two  seasons  ago.  The  galls  were  gathered  upon 
April  12,  and,  before  any  gelatinous  tufts  were  developed,  placed  in 
water  in  a  warm  room;  and  on  April  23  the  si)oridia  were  ripe  and 
in  great  abundance.  By  this  artificial  heat  and  constant  supply  of 
water  the  fungus  was  forced  at  least  three  weeks  ahead  of  its  time. 
There  is  no  doubt  that  a  cold,  dry  spring  retards  the  development  of 
the  cedar  apple  as  much  as  opposite  conditions  tend  to  push  it  for- 
ward. In  1887  there  were  two  distinct  crops  of  the  Roestelia  upon 
the  wild  crab  {Pints  coronaria)  on  the  college  grounds  (Ames,  Iowa) 
as  a  result  of  natural  sowing.  There  were  practically  two  spring 
rains  after  tlie  Gymnosporangium  was  sufficiently  advanced  to  take 
advantage  of  moist  weather,  namely,  on  April  22  and  23,  amounting 
to  1.2G  inches  of  rain- fall,  and  June  12  and  13,  amounting  to  1.59 
inches,  with  only  .86  inch  distributed  among  seven  showers  between 
the  above  dates.  The  sowing  following  the  April  rains  matured  the 
•cro2)s  ill  iifty-eight  days.  Such  a  remarkable  season  rendered  it 
easy  to  test  the  length  of  time  required  for  the  growth'of  the  Rcestelia, 
as  well  as  illustrated  the  fact  of  successive  crops,  the  number  of  which 
would  be  determined  by  the  number  of  rams  and  periods  of  dry 
weather  during  the  weeks  when  inoculation  was  possible.  It  is  also 
a  matter  of  observation  that  the  inoculation  of  tne  cedar  tree  for  a 
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new  crop  of  the  Oymnosporaiigium  in  midsummer  is  dependent 
upon  the  character  of  the  weather.  A  dry  summer  is  not  conducive 
to  an  abundant  **  seeding,"  while  August  showers  favor  the  par- 
asite. 

v.— RCESTELIA  ON  APPLES. 

The  Roestelia  associated  with  the  large  conspicuous  annual  Gym- 
nosporangiuin  {G.  macropus)  above  described  is  H.  piraia  (Fig".  1) 
as  given  by  Mr.  Thaxter. 

This  was  first  described  by  Schweinitz  as  ^cidium  piratum  grow- 
ing upon  Pirus  coronarla.  It  is  recorded  also  upon  the  juneberry 
and  various  sorts  of  cultivated  apples.  There  has  been  a  great  deal 
of  confusion  in  this  RoRsfelia,  due  to  a  variety  of  forms  which  it 
probably  assumes.  Dr.  Farlow  and  Mr.  Thaxter,  both  of  whom  have 
given  much  attention  to  this  subject,  are  not  convinced  as  to  the  ex- 
act relationship  of  the  various  forms  of  RcBstelia,  especially  the  ones 
associated  with  (?.  viacropus.  It  does  not  become  me,  therefore,  to 
attempt  the  clearing  away  of  doubts,  which  can  only  be  done  by  a 
long  series  of  cultures  of  all  the  species  and  their  forms,  both  with 
thQ  teleutospores  upon  the  Pornecb  and  the  Roestelia  spores  upon  the 
Cupressinece,  Volume  vii,  part  2,  of  Saccardo's  Sylloge  Fungorum, 
just  at  hand,  doe§  not  throw  as  much  light  upon  American  species  of 
Oymnosporangia  as  might  be  desired.  The  author.  Dr.  J.  B.  De 
Toni,  gives  but  eight  species,  and  only  one  (Q.  clavariceforme)  with  its 
Roestelia  upon  Pirus  malus  (cultivated  apples)  and  for  O,  maqropus 
mentions  only  Pirus  coronaria  (wild  crab)  as  the  host  of  its  SBciaial 
form.  It  may  be  said  in  passing  that  G.  Ellisii  is  Phragmidium  El- 
lisii,  Korn,  but  its  relationship  to  Roestelia  tranformans  of  the  genus 
Pirus  is  fully  recognized.  It  is,  however,  not  the  province  or  this 
paper,  prepared  as  it  is  for  the  popular  reader,  to  enter  into  a  more  ex- 
tended consideration  of  the  genetic  relationship  than  a  treatment  of 
the  remedial-  measures  will  warrant. 

Charaqteri§tics  of  the  Roestelia. — The  following  description  is 
written  from  the  specimens  which  were  obtained  by  cultivating  the 
spores  of  undoubted  Gymnosporangium  macropus  upon  leaves  of  the 
common  wild  crab  {Pirus  coronaria).  The  first  appearances  of  the 
Roestelia  is  a  thickened  orange  patch  upon  the  iniested  leaf,  soon 
bearing  minute  dark  points  upon  the  upper  side  (Plate  XI,  Fig.  1). 
These  spermogonia  are  followed  shortly  by  the  aecidia  upon  the  under 
side,  which  are  usually  in  a  circle  from  a  quarter  to  a  third  of  an 
inch  across.  The  wall  of  the  cup  when  fully  ripe  is  ashy  white, 
delicate,  and  splits  to  the  base  into  numerous  slender  threads  which 
turn  outward  and  downward  (revolute)  and  touch  the  base  of  the 
peridium  (Plate  XII,  Fig.  1).  The  cells  composing  the  peridium 
are  13  to  16  by  100  to  110  //,  and  much  thickened  with  transverse  strisB 
upon  the  inner  or  concave  side.  The  spores  are  brown,  almost  choc- 
olate colored,  smooth,  somewhat  polygonal,  and  26  to  33  yw  in  diam- 
eter. In  the  cultures  the  stem  is  often  infested  with  the  fungus, 
and  the  branch  is  frequently  distorted. 

The  ease  with  which  the  wild  crab  can  be  inoculated  with  the  G. 
macropus  is  remarkable,  and  not  the  less  striking  has  been  the  entire 
absence  of  the  rust  from  all  kinds  of  cultivated  apple.  In  the  midst 
of  the  otherwise  full  measure  of  doubt  as  to  the  Roestelia  of  the  apple 
there  comes  this  result  of  close  observation  for  the  past  three  years. 
In  view  of  this  and  other  facts  of  a  like  nature  it  seems  to  me  that 
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too  much  of  the  injury  to  orchards  from  rusts  has  been  ascribed  to 
G.  mdcromis,  which  is  a  conspicuous  wide-spread  species,  more  earsily 
detected  by  the  general  observer  than  any  of  the  other  species  having 
RcRstella  growing  uj)on  the  cultivated  apple.  The  repeated  failures 
of  the  sown  sporidia  to  produce  RoRstelia  upon  any  variety  of  culti- 
vated apples  at  Ames,  Iowa,  while  at  the  same  time  and  under 
similar  conditions  there  has  been  no  failure  to  obtain  abundance  of 
the  rust  upon  the  wild  crab,  furnish  ground  for  this  doubt  in  the 
prevailing  belief.  The  relation  between  the  two  forms  is  so  mani- 
fest that  cedar  and  crab-apple  trees  which  stand  within  ten  rods  of 
each  other  are  both  very  badly  infested  and  have  been  for  years, 
while  cultivated  apple  trees  no  farther  distant  from  the  same  cedars 
have  uniformly  failed  to  develop  the  Ro^stelia.  There  are  no  doubt 
great  differences  of  susceptibility  among  cultivated  sorts,  and  it  is 
possiblo  that  in  this  vicinity  only  the  varieties  which  ai*0  proof 
against  the  rust  are  to  be  found.  However,  the  college  nursery  is 
not  more  than  thirty  rods  from  some  infested  cedars,  and  in  such 
nursery  rows  a  large  assortment  of  apples,  mostly  Russian,  however, 
are  grown  in  great  numbers.  None  oi  the  GupressiiiecR  grow  native 
near  the  college,  and  the  G.  macropuSy  as  far  as  close  inspection  can 
detei'tnine,  is  tlie  only  species  in  the  vicinity.  In  other  portions  of 
the  country  where  the  cultivated  apples  are  badly  infested  it  may  be 
that  the  rust  is  due  to  one  or  more  of  the  other  species  of  GyvinO' 
sporangiiun.  For  example,  the  R,  laceratay  which  is  a  form  of  G, 
clavarUvforiiiP  of  the  common  juniper,  is  well  understood  as  grow- 
ing upon  cidtivated  apple.  Ako  K.  aurantiaca,  the  form  so  con- 
spicuous upon  the  quince  fruit,  is  a  pest  in  the  ap{)le  orchard,  and 
has  as  its  teleiitosporic  condition  the  G,  clavipes  which  infests  both 
the  red  and  the  common  cedar. 

VI. — TREATMENT 

As  a  remedial  measure  it  passes  without  further  comment  that  it 
is  well  to  destroy  all  specimens  of  the  red  cedar  or  savin  (Junipertis 
Vlrginiana).  In  that  way  the  only  known  host  of  (?.  ruacrojncs 
would  ])e  destroyed  and  one  of  the  two  for  G,  clavipes.  The  remain- 
ing hosts  for  Gymnosporangia,  which,  in  their  Roestelia  form,  in- 
fest the  apple  are  the  white  cedar  (Cupressus  thyoides)  and  common 
juniper  (Juni penis  coinmunis).  The  range  of  these  two  species  is 
very  wide  and  tlie  former  often  attains  to  a  large  size  and  produces 
a  durable  (piality  of  timber  of  great  service  in  many  ways.  The 
common  juniper,  growing,  as  it  does,  only  as  a  low  shrub,  could  be 
disposed  of  without  seriously  marring  the  beauty  of  the  landscape 
or  doing  injury  to  any  American  industry.  The  red  cedar  is  aprom- 
inent  ornamental  shrub  or  small  tree,  and  there  would  be  some  ob- 
jection to  its  eradication.  If  it  must  remain  it  would  not  tax  the 
patience  of  a  conscientious  fruit-grower  to  go  over  the  plants  in 
late  aTituiuu  and  gather  the  '' apples"  before  they  have  arrived  at 
that  state  when  they  can  be  infectious  to  the  apple  trees.  The 
galls  are  aiimial,  not  deeply  seated,  and  can  be  quicKly  removed  with- 
out doing  violence  to  the  tree.  It  would  be  better  to  do  this  gather- 
ing in  late  autumn  or  even  in  winter  than  to  delay  until  spring,  with 
all  of  its  huri-y  caused  ])y  the  pressing  work  incident  to  tne  opening 
season.  The  wild  cral)s  or  any  stray  trees  of  the  cultivated  sorts 
must  not  be  overlooked,  for  they,  and  particularly  the  crab,  furnish 
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a  means  of  contiaual  propagation  of  the  pest,  especially  if  the  RcRstelia 
is  perennial.  It  is  fortunate  for  the  orchardist  that  the  uprooting  of 
all  such  wild  apples  is  no  serious  sacrifice,  and  for  other  reasons,  as 
a  rule,  barring  a  single  week  of  a  profusion  of  fine  sweet-scented 
blooms  in  spring,  these  j^lants  may  well  be  classified  among  perennial 
weeds  of  large  growth.  It  is,  perhaps,-  unnecessary  to  treat  here  of 
any  remedies  that  may  be  applied  similar  to  those  that  have  proved 
eflScient  in  checking  the  inroads  of  the  mildews  upon  the  grape,  un- 
less it  be  to  spray  the  f  inait  trees  at  just  the  time  when  the  sporidia 
are  apt  to  come  in  contact  with  the  foliage.  No  set  time  can  oe  laid 
down  for  this,  as  it  will  depend  upon  the  locality  and  season.  In- 
oculation takes  place  shortly  after  a  rain  in  middle  spring  and  the 
period  would  be  long  or  short  depending  upon  the  prevailing  weather 
at  the  time.  As  the  labor  of  making  the  required  applications,  to 
say  nothing  of  the  expense  for  apparatus  ana  chemicals,  would  be 
much  more  than  the  gathering  of  the  cedar  apples  in  the  case  of 
O.  macropus,  it  goes  without  further  saying  that  remedial  meas- 
ures other  than  the  knife  are  here  neither  urged  nor  recommended. 
It  would  be  less  easy  to  cut  out  the  affected  portion  of  the  white  cedar 
bearing  (?.  EUisii  and  of  the  common  juniper  with  its  O,  davipes, 
which  would  eradicate  the  quince  rust  as  well,  and  G,  clavaricefbmie, 
but  this  is  the  shortest  way.  As  for  the  latter  host  it  may  as  well 
be  pruned  level  with  the  ground,  but  for  the  white  cedar  the  case  is 
less  easily  met.  However,  it  may  be  that  Oymnosporangium  EUisii 
is  one  which  is  the  least  injurious  of  all. 

Very  likely  some  varieties  of  cultivated  apples  are  morfe  suscepti- 
ble to  the  rust  than  others,  but  as  the  observations  upon  this  point  are 
meager  and  fragmentary  it  is  not  safe  to  draw  any  general  conclu- 
sions from  them.  Varieties  like  Fallawater  and  Bied  June  are  men- 
tioned as  subject  to  the  rust,  while  the  Early  Harvest  and  Red  As- 
trachan  are  not  badly  attacked.  If  it  is  true  that  O,  macropus  is 
the  cause  of  the  larger  part  of  the  rust  of  cultivated  apples  the  ex- 
periments in  Iowa  would  indicate  that  the  varieties  f  rom  Kussia  and 
elsewhere  which  are  being  tested  for  hardiness  in»  the  severe  and 
treacherous  climate  of  the  State  were  proof  against  the  rust  caused 
by  G.  TYiacropus. 

In  treating  of  the  rust  of  the  ^rain  it  was  shown  that  there  were 
three  distinct  stages  through  which  the  fungus  passed  from  the  tel- 
eutospore  to  the  final  state  again.  In  short,  there  was  the  secidio, 
the  uredo,  and  the  teleuto  conditions.  In  such  a  parasite  it  is  evi- 
dent that  the  diflSculties  of  eradication  are  multiplied.  In  the  apple 
rusts  there  are  only  two  known  forms,  namely,  the  secidio  and  the 
teleuto  conditions.  With  the  wheat  rust  one  remedy  consists  in 
destroying  the  barberry;  the  rest  of  the  work  of  eradication  needs 
to  be,  from  the  nature  of  the  fungus,  largely  preventive.  To  this 
end  the  seed  wheat  is  soaked  in  chemicals,  the  leading  one  of  which 
is  ciipric  sulphate  (sulphate  of  copper,  blue  vitrol,  blue  stone,  etc.), 
for  the  purpose  of  (lestroying  the  aahering  rust  germs.  All  the  rusts 
are  deeply  seated  parasites  which  do  not  show  themselves  upon  tho 
surface  until  it  is  too  late  to  apply  an  effective  remedy.  Therefore 
but  little  can  be  Koped  for  from  direct  action  of  remedies  upon  the 
affected  parts.  With  our  apple  rust  both  the  hosts  are  trees,  and 
in  most  cases  the  fungi  are  perennial ;  it  therefore  follows  that 
the  preventive  measures  used  in  connection  with  seed  grain  do  not 
apply. 
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10. — Septosporium  ON  Grape  Leaves.* 

(Plate  XIII.) 

I  .—GENERAL  OBSERVATIONS. 

During  the  sumiTier  of  1887  Professors  Scribner  and  Viala  col- 
lected a  fungus  on  tlie  wild  grape  vines  ( VMs  Calif ornica)  at  Orange, 
Cal.,  which  in  external  appearance  closely  resembks  Sepiosporkim 
Fiickelii,  known  only  on  loreign  vines. 

The  following  is  an  extract  from  Professor  Scribner's  note-book: 

•'  Found  on  leaves  of  wild  vines,  Septosporium  Fuckelii.  Leaves 
on  some  vines  destroyed  by  this  fungus.  On  the  upper  surface,  the 
first  appearance  of  the  disease  is  comparable  to  that  of  the  Downy 
Mildew.  Spots  on  underside  nearly  black  and  round,  not  irregular, 
as  with  Peronospora,^-\ 

The  spots  referred  to  grow  larger  and  coalesce,  so  that  occasionally 
nearly  tlie  entire  leaf  surface  becomes  black  below  and  brown  above. 
It  has  not  been  rex)orted  on  the  cultivated  grape. 

♦Septosporium  heterosporum,  Ellis  &  Galloway.— On  living: leaves  of  Vitia 
Californica,  near  Orange,  Cal.     Collected  by  Prof.  F.  L.  Scribner,  October,  1887. 

Sp<jts  scattered  and  more  or  less  confluent,  indefinitely  limited,  rusty  brown 
above,  one-half  to  1  centimeter  in  diameter,  smoky  black  below  or  appearing  gray 
on  account  of  the  tomentum  of  the  leaf.  « 

Hyplu^  hypo])hyllous,  issuing  in  fascicles  from  the  stomata  of  the  leaf  and  bear- 
ing at  their  ajnces  the  very  variable  conidia  which  are  at  fii*st  oblong-cylindrical, 
2  to  3  septate,  20  to  40  by  5  to  7  //,  like  the  conidia  of  a  Cercospora.  These  conidia'  soon 
become  constricted  at  the  septa  and  each  of  the  three  or  four  cells  become  unisep- 
tate.  The  three  primary  septa  gradually  become  deeper  until  the  conidia  finally 
seiKirate  into  three  or  four  separate  uniseptate  segments  of  a  short  elliptical  or  nearly 
8})herical  shape,  alK)ut  12  //  in  diameter,  with  the  epispore  distinctly  roughened.  We 
have  conipiired  this  with  specimens  of  Septosporium  Fiichelii,  Thum.,  as  represented 
DeTluinien's  Mycotheca  Universalis,  671,  and  with  si)ecimens  collected  in  Algeria  by 
Professor  Viala.  The  California  s}>ecimens  differ  in  their  much  shorter  hyphee  and 
very  ditlerent  conidia.  which  jire  much  constricted  at  tlie  septa. 

fBotanical  Gazette,  January,  1888. 
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II.— BOTANICAL  CHARACTERS. 


The  black  appearance  of  the  lower  surface  is  caused  by  the  fruit- 
ing portion  of  tne  fungus.  The  sporophores  are  in  tufts  which  IjIO- 
ject  fro^i  the  stomata,  and  are  borne  upon  a  knot  of  mycelium  just 
under  the  epidermis.  They  are  composed  of  short,  septate,  dark  col- 
ored hyphsB,  rounded  at  the  apex  ana  tapering  toward  the  base,  each 
bearing  a  chain  of  conidia. 

The  spores  are  dark  colored,  numerous,  and  usually  several  septate. 
At  first  they  are  smooth,  not  constricted  at  the  septa,  and  generally 
not  more  than  four  celled,  but  as  they  grow  older  the  surface  be- 
comes rough,  the  number  of  cells  increase,  they  become  much  con- 
stricted at  the  septa,  and  occasionally  longitudinal  septa  make  their 
appearance  (Fig.  4).  New  septa  also  appear  in  the  older  spores. 
The  time  of  the  formation  of  the  septa  may  be  inferred  by  their 
thickness  and  the  degree  of  constriction  around  them.  The  differ- 
ent cells  continually  become  more  and  more  spherical,  so  that  the 
older  cells  are  nearly  perfect  spheres  and  have  a  tendency  to  fall 
apart.  The  chains  oi  spores  assume  very  different  shapes  according 
to  their  age  and  environment.  The  spores  examined  were  from  driea 
specimens  and  the  phenomena  of  growth  were  not  observed,  but, 
judging  from  the  forms  assumed,  the  process  of  development  would 
DO  as  indicated.  The  appearance  of  roughness  of  the  spore-walls,  es- 
pecially in  immature  specimens,  appears  to  be  due  to  a  granular  ar- 
rangement of  the  contents,  but  if  these  are  shrunken  by  some  reagent 
the  irregularities  do  not  disappear  and  are  plainly  seen  to  exist  in  the 
walls. 

These  fruiting  tufts  may  be  entirely  independent,  but  they  are  also 
found  in  connection  with  a  spermogonial  lorm  (Figs.  5,  6).  In  this 
case  they  spring  from  the  side  or  apex  of  the  capsule,  passing  through 
a  stoma  as  before.  The  spermogonia  may  also  be  independent 
(Fig.  6),  not  connected  with  any  conidial  form,  and  having  the  ostiola 
situated  beneath  the  stomata.  In  these  independent  capsules  the  cells 
around  the  ostiolum  frequently  project  a  little,  giving  the  impression, 
when  looking  down  upon  them,  that  the  conidiophores  have  broken 
off  at  the  base;  and  this  idea  is  strengthened  by  finding  septa  at  the 
base  of-  nearly  every  fruiting  hypha.  Frequently  also  the  stroma  at 
the  base  of  the  conidiophores  is  much  enlarged,  as  if  a  spermogonium 
were  in  process  of  formation. 

The  spermogonium  is  a  thin-walled,  yellowish  brown  capsule,  its 
Quter  ceils  frequently  extending  into  mycelium  threads.  It  is  lined 
with  a  layer  of  colorless,  flask-shaped  cells,  on  which  the  spermatia 
are  borne;  these  seem  to  be  produced  in  chains,  which  fall  apart, 
leaving  the  spores  septate.  The  spermatia  (Fig.  7)  are  bacillus-like 
and  partake  of  the  Brownian  movement.  They  measure  4  to  7  by 
H  to  2  /yi,  are  usually  straight,  sometimes  slightly  curved,  and  usu-- 
ally  larger  at  the  ends  than  in  the  center. 

The  differences  between  this  form  and  Septosporinvi  Fvrkelii  may 
be  s^en  by  comparing  Figs.  1  and  2  with  3  and  4.  The  conidiophores 
and  spores  of  Fnckelii  are  more  slender  and  the  conidiophores  are 
longer:  those  of  the  new  form  are  clavate,  but  those  of  tuckelh  are 
not.  It  would  be  well  to  say  in  this  connection  that  in  Viala's  Les 
Moladies  de  la  Vigne  the  conidiophores  of  Fuckelii  are  drawn  cla- 
vate. The  drawing  in  this  report  was  made  from  a  camera-lucida 
sketch  of  material  collected  by  Professor  Viala  in  Algeria,  and  is 
true  as  regards  this  material.    There  is  probably  a  considerable  vari- 
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ation  between  different  specimens.  There  is,  however,  much  differ- 
ence in  the  spores.  The  mature  spores  of  Fuckelii  are  almost  iden- 
tical with  the  young  spores  of  the  American  species,  but'  the  older 
spores  of  the  latter  are  broader,  constricted  more  orless  deeply  at 
the  septa,  and  the  surface  shows  peculiar  markings,  due  to  irregu- 
larities which  are  not  present  in  Fuckelii.  The  illustrations  of  the 
spores  show  typical  forms  of  both  species,  but.  the  tufts  of  conidio- 
pliores  both  contain  rather  fewer  than  the  average  number  of  hy- 
phee. 

Viala  gives  the  length  of  the  spores  as  from  30  to  60  /i.  Those  we 
have  measured  vary  from  5  to  10  by  20  to  55  yu,  and  those  of  the 
American  species  measure  5  to  12  by  13  to  50  fx.  The  mere  figures 
do  not  indicate  much  variation  between  the  species.  The  specific 
differences  consist  rather  in  the  shape  and  general  appearance  of  the 
sp(jres  and  conidiophores,  and  in  the  fact  that  one  species  is  found 
in  connection  with  spermogonia  and  the  other  is  not. 

11. — Leaf-spot  Disease  of  the  Maplb. 

PJiyUostictci  acericola,  C,  &  E. 
(Plates  XIV,  XV.) 

k— GENERAL  OBSERVATIONS,  HISTORY,  ETC. 

In  many  parts  of  the  West,  maple  trees,  especially  those  belong- 
ing to  tlie  silver-leaved  species,  Acer  ddsycarpum,  are  frequently  at- 
tacked by  a  parasitic  fungus  which  greatly  injures  their  appearance 
and  lessens  tneir  value. 

The  fungus  attacks  the  leaves  exclusively,  destroying  the  chloro- 
phyll (green  coloring  matter)  wherever  it  gains  a  foothold,  and  con- 
sequently interfering  with  assimilation.  This,  may  occur  to  such  an 
extent  as  to  decrease  the  growth  of  the  wood,  causing  the  trees  to 
become  weak  and  more  or  less  stunted.  In  addition,  the  foliage  be- 
comes very  unsightly  (Plate  XIV),  so  that  in  sections  wh6rer the  disease 
is  especially  prevalent  people  prefer  to  plant  shade  trees  ilot  subject 
to  tlie  attacks  of  such  oisfignring  maladies,  and  in  consequence  the 
sale  of  maples  by  nurserymen  is  considerably  diminished. 

The  disease  is  especially  severe  where  a  large  number  of  trees  are 
grown  together,  as  in  nurseries  and  groves.  Isolated  trees  are  rarely 
seriously  attacked. 

The  beauty  and  grace  of  the  maple  and  its  easy  cultivation  have 
long  made  it  one  of  the  most  popular  and  widely  used  of  all  oul*  shade 
trees.  A  disease,  therefore,  which  injures  it  in  anyway  demands 
our  attention. 

Hosf.s. — The  fungus  attacks  the  species  dasycarpuvi,  TuhTUTYiy  and 
Penns]ilv(uiL('}nn,'^  1\\  the  West  Acer  dasycarpum  suffei'S  especially 
from  its  attacks;  but  in  the  District  of  Columbia  it  is^.  rubrum  tlia,t 
seems  to  l)e  most  subject  to  the  disease,  and  A.  dasycarpum  is  com- 
paratively exempt. 

Geo(jra})]i  iral  disfrihutioji. — So  far  as  known  the  fungus  is  restricted 
to  this  continent,  but  it  seems  to  be  very  wide-spread  through  the 
United  States.  It  is  reported  from  New  York,  New  England,  New 
Jersey,  Illinois,  Kansas,  and  other  States.     It  has  also  been  found 

*  As  a  matter  of  convenience  the  different  spc^'ies  of  maple  will  be  referred  to  hero 
under  tUeir  Ixjtanical  names,  as  follows:  Acer  dasycarpum.  White  or  Silver  maple; 
Acer  imbrum,  Red  maple;  Acer  Pentisylvanicum,  Striped  maple. 
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abundantly  in  tho  vicinity  of  Washington,  D.  C.  In  the  nurseries 
of  Missouri  Agricultural  College  it  caused  considerable  injury  to  the 
young  trees  three  or  four  years  ago. 

History, — The  fungus  causing  the  disease  seems  to  have  been  first 
collected  in  New  England  on  Acer  ruhrum  by  a  Mr.  Sprague,  and 
described  from  his  species  in  1874  by  Messrs.  Berkeley  and  Curtis  as 
Sphceropsis  minima,-*  In  1879  Peck  reports  finding  it  on  the  same 
host  in  (jrreenbush,  N.  Y.  f  In  1880  Cooke  and  Ellis  described  a  fungus 
found  on  ''Maple  leaves"  in  New  Jersey  which  they  called  PhytlO' 
sticta  acericola.  J  In  his  Sylloge  Fungorum,  Saccardo  publishes  these 
species  as  independent,  but  changes  Splio^ropsis  Tninima,  B.  &  C. 
to  Pkoma  minima,  Sacc.§  In  the  Journal  of  Mycology  for  18861  Dr. 
George  Martin  gives  Spluerojysis  minima  as  a  synonym  of  PhyUo- 
slicta  acericola,  and  finally  Farlow  in  his  Host  Index^  has  published 
PhyJIosficta  acericola,  C,  &  E.,  Sphceropsis  minima,  B.  &  C,  and 
Phoma  minima,  Sacc,  as  synonyms. 

If  the  law  of  priority  is  to  hold  in  the  nomenclature  of  fungi,  this 
fungus  probably  ought  to  be  known  as  Pkyllosticta  minima,  (B.  & 
C),  C.  &  E.,  but  since  it  was  published  independently  by  Cooke  & 
Ellis  as  P,  acericola  and  thi^  name  afterward  adopted  by  Dr. 
Martin  it  is  the  one  that  will  be  used  in  this  paper. 

n. — EXTERNAL    CHARACTERS. 

It  makes  its  appearance  upon  the  leaves  about  the  middle  of  May, 
in  the  form  of  small,  blackish,  more  or  less  circular  spots,  which 
rapidly  increase  in  size.  As  they  enlarge  their  shape  becomes  more 
and  more  irregular,  their  color  meantime  changing  f romi  black  to 
different  shades  of  brown.  On  Acer  dasycarpuin  (Plate  XIV)  the 
color  of  the  spot  becomes  almost  a  dirty  white  in  the  center,  sur- 
rounded by  a  black-brown  border.  On  A,  riihrum,  the  center  is  red- 
dish brown  and  the  border  dark  or  purplish.  The  external  appear- 
ance on  the  two  species  is  so  different  as  to  give  the  impression  to  the 
casual  observer  of  two  different  fungi.  The  texture  of  the  spots  is 
also  different.  In  A,  dasycarpumtlie  diseased  tissues  are  very  much 
more  brittle  and  less  coherent  than  the  healthy  ones,  often  showing  a 
disposition  to  break  away  from  the  ^reen  portions  of  the  leaf.  In  A. 
ruhrum  the  affected  parts  are  much  tirmer,  although  still  more  brittle 
than  the  healthy  portions  of  the  leaf.  They,  however,  do  not  have  the 
thin,  fragile  appearance  possessed  by  the  spots  on  A,  dasycarpum. 
The  difference  both  in  the  color  and  texture  of  the  spots  on  the  two 
species  can  probably  be  accounted  for  by  the  difference  in  color  and 
texture  of  the  healthy  leaves.  Acer  ruhrum  possesses  a  darker, 
firmer  leaf,  the  tissues  of  which  would  break  down  much  less  easily 
than  those  of  ^.  dasycarpum. 

When  the  spots  have  attained  their  full  size  they  vary  from  10  to 
14  millimeters  in  diameter,  are  irregular  in  outline,  and  often  run 
together,  forming  a  large  irregular  patch.     In  the  worst  cases  the 

*  Sphceropsis  minima^  B.   &   C. — Maculis   pallide   bnmneis;  perithecii  minutis 
tectis,  B{X)ris  breviter  ()lx)vatis.     On  leaves  of  Acer  ruhrum.    New  England.  S]>raj?ua 
No.  5314.     Forming  little  sub-orbicular  brownish  spots;   peritliecia  sub-cuticulaFj 
minute,  spores  shortly  obovate,  4/x  long.     Grevillea,  v  ol.  Ill,  p.  2, 
1 30th  Rep.  N.  Y.  State  Museum,  pp.  81  and  77. 
Grevillea,  Vol.  VIU,  p.  11. 
;Vol.  Ill,  p.  110. 
Page  13. 
iTPartl,  p.l9. 
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gi'eater  part  of  the  leaf  surface  becomes  occupied  by  these  brown  or 
grayish  white  patches,  and  the  leaf  finally  shrivels  and  dies.  The 
young  leaves  are  attacked  as  soon  as  they  appear,  so  that  the  falling 
off  of  the  old  ones  does  not  free  the  plant  from  the  attacks  of  the 
jmrasite. 

m.— BOTANICAL  CHARACTERS. 

At  any  time  during  the  summer  or  autumn,  small  black  dots,  scat- 
tered over  the  lighter  portions  of  the  diseased  spot,  may  easilv  be 
seen  with  the  naked  eye  (Plate  XIV).  Under  the  microscope  these 
prove  to  be  thin- walled,  hollow  bodies  (Plate  XV,  Fig.  1),  containing 
the  spores  or  reproductive  organs  of  the  fungus.  These  conceptacles, 
otherwise  known  as  the  pycnidia,  are  somewhat  flask-shaped,  have 
dark-colored  walls  one  or  two  cells  thick,  and  are  provided  with  an 
opening  or  ostiolum  for  the  discharge  of  the  spores.  They  are  also 
lined  with  colorless  tissue  upon  which  the  basidia  or  spore-bear- 
ing stalks  are  borne. 

Tlie  thickness  of  the  pycnidia  walls  and  of  the  lining  tissue  varies 
in  different  hosts,  the  walls  are  more  distinct,  and  the  layer  of  color- 
less tissue  thicker  in  A.  ruhrurn  than  in  A.  dasycarpum. 

The  spores  are  colorless,  granular  bodies  8  to  9//  long  by  5  to  6/i  in 
diameter,  and  usually  contain  one  or  more  rather  large  sized  vacuoles. 
Tiiey  are  nearly  oval  and  often  somewhat  angular  in  shape,  this  being 
caused  by  the  pressure  of  the  spores  against  each  other  before  they 
escape  from  the  conceptacle. 

The  spores  are  produced  in  the  following  manner:  The  colorless 
lining  tissue  gives  rise  to  multitudes  of  small,  cylindrical,  club  shaped 
bodies  which  stand  at  right  angles  to  the  wall  of  the  pycnidium;  i\\e 
free  ends  of  these  swell  u^),  and  are  finally  cut  off  from  the  support- 
ing portion  by  a  septum.  The  upj^or  portion  has  then  become  the 
spore  and  the  lower  part  the  basidium,  or  stalk;  the  latter  is  from 
10  to  12/^  in  length  and  about  4/i  in  diameter,  and  usually  tapers  a 
little  towards  the  sj^ore.  The  spore  finally  breaks  off  from  the 
stalk  and  passes  out  through  the  ostiolum.  These  mature  spores  are 
capable  of  reproducing  the  fungus.  If  kept  for  a  time  in  a  drop  of 
water  they  will  germinate  by  sending  out  a  slender  filament  (Plate 
XV,  Fig.  2),  which  soon  develops  into  a  mycelium.  If,  as  occurs  in 
nature,  these  spores  fall  on  the  leaves  of  the  maple  and  are  there  wet  by 
the  rain  or  dew  the  same  thing  will  happen,  but  in  this  case  the  germi- 
nating filament  bores  into  the  leaf  and  the  mycelium  developing  within 
the  leaf  tissues  feeds  upon  the  plant  juices  which  are  required  for  the 
sustenance  of  the  plant  itself,  and  interferes  with  th^  assimilating 
power  of  the  leaves. 

The  mycelium  or  vegetative  part  of  the  fungus  is  found  exclusively 
between  the  cells.  No  haustoria  could  be  determined,  but  in  some 
cases  the  cells  were  so  firmly  united  to  the  mycelium  filaments  that 
they  could  not  be  separated  by  repeated  jarring  under  the  cover- 
glass,  even  when  the  specimens  had  been  so  macerated  that  the  cells 
of  the  host  fell  apart  readily.  In  the  specimens  examined  the  my- 
celium in  Acer  ruhritm  (Plate  XV,  Fig.  3  a)  was  considerably  coarser 
than  in  Acer  dnsycarptim  (Plate  XV,  Fig.  3  h,  r),  but  in  other  re- 
si)e(*ts  it  is  the  same.  It  is  branched,  septate,  and  filled  with  granular 
])rotoplasm  in  both  cases.  A^  has  been  stated,  thi^  is  the  first  por- 
tion of  the  fungus  to  develop  between  the  cells  of  the  host,  but  it 
j'.ooii  forms  condense^l  masses  here  and  there  just  beneath  the  upper 
surface  of  the  leaf.     These  increase  in  size  and  finally  rupture  the 
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Gpideimis,  producing  the  black  dots  or  pycnidia  already  described. 
The  process  of  differentiation  of  the  pycnidium  and  its  contents  has 
never  been  completely  followed  out. 

During  winter  the  fungus  lives  in  the  tissue  of  the  decaying 
leaves,  and  the  stylospores  retain  the  power  of  germination  until  the 
new  leaves  have  come  out  the  following  spring.  Last  spring  (1888) 
stylospores  were  found  in  abundance,  and  germinated  as  late  as  the 
middle  of  April. 

Some  leaves  that  had  been  left  on  the  ground  over  winter  were 
examined  the  following  summer,  and  some  of  the  conceptacles  on  the 
diseased  spots  were  found  to  contain  what  seemed  to  oe  immatui'e 
asci.  These  conceptacles  or  perithecia  closely  resemble  the  pycnidia 
in  all  respects,  save  as  to  their  contents,  and  m  the  specimens  exam- 
ined these  were  somewhat  indistinct,  but  the  main  part  of  the  cavity 
was  plainly  filled  with  bodies  closely  resembling  asci  in  their  shai)e 
and  arrangement,  although  no  spores  could  be  distinguished.  This 
fact  merely  increases  the  probability  that  the  form  of  the  fungus  with 
which  we  are  familiar  is  only  one  stage  in  the  life  history  of  an 
ascosporous  species, 

rv.— TREATMENT. 

No  line  of  treatment  has  ever  been  attempted  for  this  disease,  and 
aiiy  suggestions  in  the  matter  must  be  purely  theoretical,  based,  now- 
ever,  on  a  knowledge  of  the  habits  of  the  fungus  and  the  properties 
of  fungicides  alreacry  tested  in  siriiilar  cases. 

Since  the  fungus  lives  over  winter  in  the  leaves  it  is  obvious  thart 
a  source  of  infection  will  be  removed  if  these  are  collected  in  the  au- 
tumn and  burned  or  buried  before  they  are  scattered  by  the  wind. 
In  nurseries  where  the  trees  are  small  it  is  probable  that  good  results 
will  follow  the  application  of  some  fungicide  which,  interposing  be- 
tween the  surface  of  the  young  leaves  and  the  spores  whicn  may  f ajl 
upon  them,  will  prevent  tn6  germination  of  the  latter  or  destroy  their 
germ-tubes. 

Doubtless  a  solution  made  by  dissolving  half  an  ounce  of  sulphu- 
ret  of  potassium  to  the  gallon  of  water  will  be  found  as  cheap  and 
efficient  as  any  for  the  application.  The  solution  should  be  applied 
to  the  foliage  by  means  or  a  force-pump  having  a  nozzle  of  fine  ap- 
erture, such  as  the  Riley  ** Cyclone"  or  Nixon  **  Climax,"  which 
will  distribute  the  liquid  in  a  fine  spray.  The  first  application  should 
be  made  about  the  time  the  leaves  are  two-thirds  grown,  repeating 
the  operation  every  three  or  four  weeks  if  the  season  is  wet.  in  nurs- 
eries it  would  be  well  to  select  new  sites  for  plantations  of  young 
trees  as  often  as  possible,  as  observation  lias  shown  that  maple  trees 
grown  for  a  number  of  years  in  succession  upon  the  same  spot  suffer 
more  than  those  in  new  soil. 
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12.— A  Disease  of  the  Sycamore. 
GlcEosporiiim  nervisequum,  Saco. 

(Plate  XV.) 

I. — GENERAL  OBSERVATIONS. 

For  several  years  the  Sycamore  trees  in  the  vicinity  of  Washington 
have  suif ored  aiiring  the  spring  from  the  attacks  of  a  parasitic  fun- 
gus wliicli  has  been  so  severe  that  in  many  cases  the  whole  tree  ap- 
peared as  if  scorched,  and  sometimes  died.  The  effects  of  the  disease 
are  so  conspicuous,  and  have  attracted  so  much  attention,  that  many 
will  i>ro])abiy  be  glad  to  learn  the  cause  of  the  trouble  and  history  of 
the  disease,  even  if  there  is  no  approved  method  of  removing  it. 

In  1 888  it  appeared  about  the  middle  of  May,  and  by  the  last  of 
June  many  of  tlie  largest  trees  were  entirely  deioliated.  On  May  30 
the  trees  along  the  Virginia  side  of  the  Potomac  for  a  considerable 
distance  down  the  river  were  carefully  examined  and  every  tree,  large 
and  small,  was  found  to  be  badly  diseased.  On  the  smaller  trees  the 
leaves  were  all  affected  alike,  but  on  the  large  ones  only  the  branches 
over  the  lower  half  showed  any  signs  of  the  malady.  Trees  thus  af- 
fected presented  a  very  peculiar  appearance;  in  fact  we  have  often 
seen  trees,  under  which  large  brush-heaps  had  been  burned,  having 
their  foliage  in  exactly  the  same  condition,  i,  e.,  the  lower  half  brown 
and  withered,  the  upper  half  fresh  and  green. 

Trees  in  the  city  were  also  affected,  but  not  so  seriously  as  those 
in  the  country.  A  row  of  Sycamores  along  the  Boundary,  between 
Tenth  and  Twentieth  streets  northwest,  were  quite  badly  diseased. 
Here  the  malady  was  confined  almost  entirely  to  the  lower  branches, 
athough  the  trees  were  comparatively  small,  many  of  them  being 
less  than  25  feet  higli. 

Trees  near  Hyattsville  and  College  Station,  Md.,  were  in  a  number 
of  instances  killed  outright  by  the  disease,  but  most  of  those  in  or 
near  the  city  recovered  toward  the  middle  of  summer,  at  which 
time  the  malady  had  for  the  most  part  disappeared. 

Oeographical  didribution. — It  nas  been  observed  in  Ohio,  Ken- 
tucky, and  Indiana,  and  we  have  reliable  evidence  that  it  existed  in 
New  Jersey  (Ellis^  and  Illinois  (Waite).  It  has  been  collected  in 
California  by  Harkness  on  Platamis  orientcdis,*  and  Dr.  Vasey  states 
that  a  numoer  of  years  ago  his  attention  was  called  to  wnat  was 
proba])ly  the  same  thing  while  traveling  through  Kentucky.  So 
far  as  known  the  disease  does  not  occur  in  Missouri,  and  careful  ob- 
servations during  the  past  season  in  Mississippi  failed  to  reveal  its 
presence  there  (Tracy).  It  is  present  in  Europe,  where  it  has  been 
found  in  Germany,  Italy,  and  France. 

//o.s/.v. — It  occurs  on  Platunus  racemosa,  orientaliSy  and  occiden- 
fdli.s,  and  Fuckel  reports  it  upon  Quercus,  Hitherto  it  has  been  re- 
)orte(l  on  the  U?aves  only,  but  we  nave  found  it  on  the  growing,  un- 
ignitied  stems  and  on  the  petioles. 

liistonj. — It  was  first  named  Hymenida  plcuitani  by  Leveille,  and 
the  description  was  ])ublished  in  the  Annales  des  Sci.  Nat.  for  1848.t 

*. Journal  of  Myc/^logy.  Vol.  I,  p.  110. 

\  flf/tnntnla  Pidtani  now  sj).  Receptaoulla  gregariis  amphi^enis  innatis  dein 
enimpciitihns  minutiscarnosuhs.orbicularibusvel  ovatispulvinatis,  flavo-rubeecenti- 
bus  niaculu  exarida  insideiitibus  ;  sporis  ovatis,  vel  curvatis  continuis  utrinque  ob- 
tusis. 

Hab.  in  (iallia  meridonali.     Legit  cl.  Castagne  ad  folia  Plantani  orientalU. 
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Fuckel  changed  it  to  Fusarium  nervisequum,  but  Saccardo  has  trans- 
ferred it  to  the  genus  Gloeosponum,  and  this  has  been  adopted  by 
Ellis  in  the  Journal  of  Mycology. 

n.— BOTANICAL  CHARACTERS.* 

The  effects  of  the  fungus  are  most  evident  on  the  young  leaves  at 
the  ends  of  the  branches.  The  leaves  seem  most  liable  to  attack  at 
about  the  time  they  have  attained  their  full  growth.  When  the  dis- 
ease attacks  the  leaves  themselves  a  brown  patch  of  variable  size 
makes  its  appearance,  either  where  the  veins  fork  at  the  base  of  the 
leaf,  or  somewhere  along  the  course  of  the  nerves.  When  a  vein  is 
attacked  the  flow  of  sap  is  checked,  and  the  parts  of  the  leaf  that  are 
supplied  with  ^ap  by  the  vein  in  question  will  wither  and  die.  Some- 
times, however,  there  is  a  small  diseased  spot  along  a  vein  with  no 
other  perceptible  effect  of  the  fungus.  The  spots  are  dry  and  brittle, 
and  a  close  examination  will  reveal  small,  dai'k  dots  on  both  surfaces, 
especially  along  the  veins  on  the  lower  side. 

very  often,  however,  a  leaf  or  all  the  leaves  on  the  end  of  a  grow- 
ing branch  suddenly  wilt,  and  the  closest  examination  will  not  show 
any  traces  of  the  fungus.  In  this  case  it  can  invariably  be  found  on 
the  petiole  or  on  the  branch  itself,  where  its  action  in  breaking  down 
the  tissues  has  cut  off  the  supply  of  sap  from  the  leaf  or  leaves  be- 
yond. 

The  dark  colored  dots  already  referred  to  are  small  pustules  con- 
taining the  fruit  of  the  fungus.  On  the  leaf  (Plate  X  v ,  Fig.  5)  this 
usually  forms  just  beneath  the  lower  epidermis.  Within  the  pustules 
and  resting  on  the  outer  cells  of  the  mesophyll  is  a  thin  hymenium, 
formed  of  colorless,  thin-walled  pseudo-parenchyma.  This  boars  a 
layer  of  straight,  cylindrical,  pointed,  colorless-  basidia  set  close  to- 
gether, which  are  septate  at  the  base  and  bear  spores  on  their  free 
ends.  The  spores  (Fig.  6)  are  one-celled,  ovate,  and  colorless.  The 
pressure  of  the  'basidia  and  spores  ruptures  the  epidermis,  after 
which  it  usually  turns  back  entirely,  exposing  the  layer  of  basidia 
and  spores. 

On  the  living  bark  of  the  preceding  year  there  are  often  small 
protuberances  resembling  lenticels,  but  more  elevated;  sections 
through  these  reveal  two  conditions  of  a  fungus.  In  the  Botanische 
Zeitung  for  1886  Franz  von  Tavel  has  published  a  very  full  description 
of  this  fungus  under  the  name  of  Discella  platani.  In  the  earlier 
stages  it  is  merely  a  cone-shaped  mass  of  pseudo-parenchyma,  appar- 
ently formed  by  the  lateral  union  of  parallel  filaments.  After  a 
time  basidia  and  spores  are  formed  in  the  center  of  the  mass,  and 
finally  the  entire  cone  disappears,  leaving  an  ordinary  fruit  pustule, 
strikingly  resembling  those  of  the  Oloeosporium  on  the  leaf,  except 
that  it  is  larger  ana  the  stroma  at  the  base  of  the  basidia  thicker 
(Fig.  4).  There  is  an  abundant  colorless,  septate,  branching  myce- 
lium which  completely  breaks  down  the  tissue.  Von  Tavel  made  re- 
peated cultures  of  the  spores  of  this  fungus  with  a  view  to  ascertain- 
ing whether  it  had  any  genetic  connection  with  the  Oloeosporium  on 
the  leaves,  but  tlie  results  were  negative.  The  first  impression  upon 
seeing  the  mature  form  of  the  Discella  is  very  strong  that  it  is  the 

*The  microscopic  work  represented  in  this  paper  was  completed  with  one  excep- 
tion, before  Von  Tavel's  paper  came  to  the  knowledge  of  the  author ;  the  one  ex- 
ception is  in  regard  to  the  mtermediate  stages  between  the  mature  and  immature 
form  of  Discella  platani. 
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same  thing  found  on  the  leaf,  but  beyond  the  morphological  evidence 
there  is  no  proof,  save  that  diseased  stems  and  leaves  do  often 
come  from  the  branches  upon  which  we  find  the  DisceUa.  It  is  pos- 
sible that  the  fungus  may  nave  two  forms  of  development,  one  for 
the  loaf  and  another  for  the  bark,  and  that  the  formation  of  the 
pseudo-parenchymatous  mass  at  first  is  necessary  in  order  to  rupture 
the  cork  layer  and  the  epidermis  of  the  bark  and  allow  the  escape  of 
the  spores.  Von  Tavel  considers  this  as  the  pycnidium  form  of  some 
fungus. 

In  spring  many  of  the  younger  branches  on  the  diseased  trees  are 
dead  and  spotted  with  small,  dark  colored  pustules.  These  pustules 
are  made  up  of  several  capsules  containing  spermatia  like  spores. 
Tliey  disappear,  by  the  latter  part  of  June,  leaving  an  empty,  dark- 
colored  cavity  in  the  bark. 

Whether  or  not  this  is  what  Von  Tavel  calls  Cytispora  platani  we 
have  no  means  of  deciding.  The  perithecia  form  was  not  found,  and 
we  have  no  specimens  for  comparison. 

In  addition  to  these  forms  there  is  another,  which  sometimes  occurs 
upon  the  ends  and  buds  of  dead  branches.  It  consists  of  very  large, 
irregular  pvcnidia,  containing  large  spores  borne  upon  prominent 
basidia.  The  spores  are  colorless  and  one-celled  when  young,  and 
dark  yellow  and  often  two-celled  when  mature.  This  can  hardly  be 
Tavel's  Fenestella  platani. 

Whether  or  not  there  is  any  genetic  connection  between  these  forms 
and  the  Gl<jeosporium  is  an  ot)en  question.  Von  Tavel's  carefully 
conducted  experiments  are  witnout  definite  result  save  in  the  line  of 
the  Cytispora,  and  in  this  case  the  evidence  goes  to  prove  that  it  is 
quite  independent  of  the  OliBosporium,  having,  on  the  contrary,  an 
Acrostolamnus  as  its  conidial  form. 

It  hardly  seems  reasonable  that  the  life  history  of  the  Glceosporium 
is  confined  to  the  form  on  the  leaves,  especially  when  we  consider  that 
this  stage  only  lasts  about  two  months  of  the  year.  From  the  abun- 
dance of  other  fungi  on  the  branches  at  the  time  when  the  GlcBospo- 
rium  makes  its  appearance  it  seems  quite  probable  that  one  or  more 
of  them  may  be  found  to  have  some  genetic  connection  with  it. 

m.  — TEEATMENT. 

The  size  of  the  trees  makes  the  use  of  fungicides  vqry  difficult;  and 
the  fact  that  the  trees  are  not  important  from  an  economic  point  of 
view  renders  any  attempt  in  this  direction  undesirable.  It  is  always 
best  to  destroy  any  leaves-  that  fall  from  the  effects  of  the  fungus,  as 
in  tliis  way  multitudes  of  spore^  are  destroyed.  In  case  of  shade  trees 
it  will  not  be  a  very  difficult  task  to  remove  all  dead  branches  before 
the  leaves  come  out  in  the  spring,  in  order  to  avoid  the  possibility  of 
the  fungus  originating  from  spores  that  might  be  produced  on  them. 
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13. — The  Leap  Rust  of  Cotton  woods. 

Melcumpsora  populina  L^v. 

(Plate  XVI.) 

I.— GENERAL  OBSERVATIONS. 

The  leaves  of  poplars,  especially  the  Cottonwood  {Populns  moni- 
lifera),  are  frequeiitly  covered  during  summer  and  autumn  with  an 
orange  rust.  The  affected  trees  shed  most  of  their  leaves  during 
summer  long  before  the  regular  time,  and  frequently  attract  atten- 
tion by  their  defoliated  appearance. 

This  rust  is  not  very  conspicuous  and  might  easily  pass  unobserved, 
but  upon  taking  one  of  tne  fallen  leaves  in  hand  it  is  seen  to  be 
covered  with  small  yellow  pustules  from  which  at  maturity  a  fine 
yellow  powder  is  discharged  over  the  surface  of  the  leaf.  Later, 
during  autumn,  the  leaves  oecome  covered  with  small,  reddish-brown 
specks,  not  powdery  in  their  nature,  but  hard  and  crust-like,  scarcely 
raised  above  the  surface. 

The  yellow  powder  and  dark-colored  specks  are  masses  of  spores 
or  reproductive  bodies  of  a  parasitic  fungus,  a  minute  plant  belong- 
ing to  the  family  Uredinece^  or  rusts. 

The  most  remarkable  fact  concerning  the  UredinexB  is  the  poly- 
morphism or  alternation  of  forms  which  most  of  the  species  undergo. 
As  a  rule  they  pass  through  three  different  stages,  producing  each 
time  a  different  kind  of  spore  These  conditions  are  quite  unlike, 
and  older  botanists  thought  they  belonged  to  different  genera.  In  the 
spring  the  cluster-cup  condition  develops.  In  this  stage  the  spores, 
usually  light  yellow  m  color,  are  produced  in  little  cups  which  Durst 
through  tne  epidermis  of  the  leaf  forming  what  is  known  as  the 
CBcidio  stage.  During  the  summer  the  second  stage  or  uredoform 
appears  usually  on  a  different  host  plant  from  the  nrst.  Its  spores 
are  commonlv  thin  walled,  covered  with  minute  spines,  and  borne 
on  very  fragile  stalks. 

The  mature  reproductive  bodies  called  the  teleutospores  develop  at 
the  close  of  the  season,  usually  on  the  same  host  plant  as  the  uredo- 
spores,  and  frequently  on  the  same  spots.  The  teleutospores  are  thick 
walled,  dark  colored,  and  filled  witli  dense  protoplasm.  While  the 
uredospores  must  germinate  soon  after  maturity  or  else  not  at  aU, 
the  teleutospores  usually  refuse  tq  grow  until  the  next  season.  The 
former  are  tor  the  purpose  of  rapidly  spreading  the  fungus  during 
the  growing  season;  the  latter  are  capable  of  surviving  the  winter 
and  serve  the  purpose  of  the  seeds  of  higher  i)lants. 

U — EFFECT  ON  HOST. 

The  mycelial  threads  of  the  fungus  penetrate  but  a  short  distance 
laterally.  Indeed,  only  a  few  cells  each  way  from  the  small  yelloT^ 
sorus  are  reached  by  the  parasite.  A  minute  yellow  spot  extending 
through  the  leaf  and  visible  on  the  opposite  side  surrounds  eaofi 
of  the  uredo  sori.  This  is  the  only  direct  effect  of  the  uredo  fornl 
on  the  leaf  tissue.  The  formation  of  the  teleutospores  draws  more 
heavily  on  the  vitality  of  the  leaf,  and  when  their  sori  occur  thickly 
the  leaf  tissue  is  killed  and  the  green  coloring  matter  decomposed 
so  that  an  irregular  brown  patch  is  formed  or  frequently  the  whole 
leaf  discolored,  * 
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The  most  important  effect  which  this  fungus  has  on  its  host  is  that 
of  causing  the  leaves  to  fall  prematurely.  The  shedding  of  leaves 
by  trees  is  a  natural  process;  they  are  cut  off  by  the  formation  of  a 
plane  of  cork  cells  through  the  place  of  separation.  Some  trees  are 
peculiarly  sensitive  and  drop  their  leaves  at  the  slightest  disturbance, 
as,  for  instance,  improper  nutrition.  The  Cottonwood  is  one  of  this 
sort,  and  the  disturbance  which  the  fungus  creates  in  the  leaves  is 
sufficient  to  cause  them  to  fall.  We  have  observed  a  row  of  Cotton- 
wood s  planted  for  shade  almost  completely  defoliated  from  this 
cause  by  the  middle  of  August. 

in.— HOSTS  AND  QEOORAPmCAL  DISTRIBUTION. 

Melampsora  populitia  is  common  in  the  eastern  and  central  por^ 
tiohs  of  the  United  States  on  the  Cottonwood  (Poptdv^s  monilifera), 
and  occurs  occasionally  on  the  American  Aspen  (Jr.  i/remtUoides),  the 
angled  Cottonwood  (P.  angvlata),  the  large-toothed  Aspen  (P.  grandi- 
dentoia),  the  Balsam  Poplar  (P.  bcdsamifera),  and  the  Balm  of  Qilead 
(P.  bcdsamifera  var.  candicans).  It  has  not  yet  been  reported  from^ 
the  far  West  or  the  Pacific  coast,  but  will  probably  be  found  when 
looked  for. 

In  the  Old  World  it  grows  on  Popvlus  nigra  and  several  other 
species  of  Poplar,  and  is  found  in  all  the  countries  of  Europe  and  in 
Asiatic  Siberia.  It  probably  occurs  entirely  around  the  world  in 
the  North  Temperate  Zone. 

IV.-— BOTANICAL  OHARAOTBRS. 

If  a  small  quantity  of  the  orange-colored  dust  from  one  of  the 
uredo  sori  be  transferred  to  a  slide  and  examined  under  a  high  power 
of  the  microscope  it  is  found  to  consist  of  minute  rounded  or  obovate, 
light-colored,  tnin-walled  bodies  which  are  covered  with  minute 
tubercles.  These  are  the  uredospores  (Fig.  3);  and  in  thin  sections 
it  is  seen  that  they  originate  from  a  mass  of  mycelium  beneath  the 
epidermis.  As  the  growth  of  the  parasite  proceeds,  the  latter  is 
forced  upward,  finally  ruptured  (Fig.  1),  and  remains  for  some  time 
as  a  partial  covering  for  the  sorus.  Among  the  uredospores  in  the 
pustule  are  borne  club-shaped  paraphyses  (Fig,  3  c).  Both  spores 
and  paraphyses  arise  from  a  layer  of  fungous  tissue,  the  hymerir 
iuvi. 

The  uredospores  are  apparently  sessile;  in  fact,  Burrill,*  in  defining 
the  genus,  says,  *' uredospores  sessile  upon  the  hymenium."  Winter,^ 
however,  says  that  they  are  borne  on  basidia.  The  fact  is  they  are 
provided  with  pedicels  which  so  closely  resemble  the  cells  or  the 
hymenium  that  they  may  easily  be  taken  for  the  latter.  More- 
over, they  project  slightly,  if  at  all,  above  the  general  level  of  the 
hymeniiiiJi  and  separate  very  easily  from  their  attachment  when 
mature.  By  careful  manipulation,  however,  the  spores  may  be 
isolated  with  the  pedicels  attached;  it  is  then  seen  tnat  they  aiflfer 
from  the  ordinary  pedicellate  uredo  forms  only  in  the  length  of  their 
stalks  (Fig.  3). 

Turning  to  the  mature  form  of  the  fungus,  a  section  through  one 
of  the  crust-like,  dark-colored  teleuto  sori  (Fig.  2)  shows  an  alto- 
gether different  appearance.     The  teleutospores  (Fig.  4)  are  not  un- 

'  *  Parasitic  Fungi  of  lU.,  p.  211. 

t  Die  Pilze,  p.  387. 
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like  the  palisade  cells  of  the  leaf  in  size  and  shape,  but  are  distin- 
guished from  them  by  their  brownish  tint  and  granular  protoj^lasmic 
contents.  They  are  oblong-cylindrical  in  shape  with  a  smooth,  thin 
wall.  They  are  closely  packed  into  a  single  layer  with  the  longer 
diameter  at  right  angles  to  the  stratum,  in  the  manner  of  paving- 
blocks,  and  grow  more  or  less  prismatic  in  shape  from  mutual  pres- 
They  are  inclined  to  be  slightly  wedge-shaped,  with  the  larger 


sure.     __-^ ^      .         c,  .-   .  „- 

end  up,  and  are  more  slender,  longer,  and  regular  in  the  large  sori 
than  in  the  small  ones.  A  stratum  of  these  spores  develops  in  small 
spots  beneath  the  epidermis,  and  in  a  section  cells  of  the  latter  mav 
be  seen  much  flattened  and  distorted  (Fig.  2).  In  a  few  cases  small, 
crowded  masses  of  teleutospores  were  found  farther  inside  the  leaf- 
tissue,  not  forming  a  crust  under  the  epidermis.  These  spores  are 
more  nearly  round  than  the  others.  The  teleutospores  are  not  borne 
on  stalks,  as  is  commonly  the  case  among  the  rusts,  but  arise  directly 
from  a  cushion  of  cellular  fungous  tissue  (Fig.  2). 

The  mycelium  is  very  meager,  consisting  of  mere  prolongations  of 
the  hymenium  among  the  adjacent  host  cells;  in  no  case  were  slender 
mycelial  threads  of  any  considerable  length  seen.  The  mycelial 
branches  are  always  short,  septate,  and  irregular.  In  a  few  cases 
the  host  cells  lying  close  under  the  center  of  the  sorus  were  so  broken 
down  that  they  seemed  to  be  penetrated  by  the  mycelium;  but  even 
here  it  was  not  satisfactorily  made  out  on  account  of  the  difficulty 
of  distinguishing  between  the  discolored  protoplasm  which  clung  to 
the  sides  of  the  cells  and  the  fungus  mycelium.  However,  the  com- 
mon occurrence  of  the  mycelium  was  between  the  cells,  which  seemed 
to  be  little  distorted  by  its  action  and  not  seriously  disturbed  in 
function.  In  most  instances  the  host  cells  under  the  uredo  sori  re- 
tain their  green  chlorophyll,  even  though  the  cell  may  be  completely 
surrounded  by  the  parasite. 

V. — TREATMENT. 

From  the  nature  of  the  trees  attacked,  usually  large,  it  would  be 
difficult  to  apply  any  remedy.  Moreover,  the  parasites  of  the  group 
to  which  this  belongs  are  among  those  least  affected  by  fungicides. 
The  fungus  grows  wholly  inside  the  host  plant,  and  does  not  break 
through  the  epidermis  so  as  to  be  easily  seen  until  it  is  in  full 
fruit. 

From  the  usually  small  value  attached  to  Oottonwoods,  it  would  not 
be  considered  profitable  to  spray  them,  even  though  success  wore 
certain.  By  thoroughly  raking  up  the  leaves  and  burning  them  in 
the  fall  millions  of  tne  spores  would  be  destroyed.  The  more  thor- 
oughly this  is  done  the  less  will  be  the  chances  for  infection  the  next 
year.  This  is  probably  the  only  attention  which  this  disease  can  be 
expected  to  receive. 
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14.— Report  on  Peach  Yellows. 

By  Erwin  F.  Smith,  Special  Agent. 

I, — TREES  AFFECTED. 

Yellows  is  primarily  a  disease  of  peaches  and  nectarines,  but  it 
has  also  been  observed  in  almonds  and  apricots. 

n.— WHEN  AND  WHERE  DISCOVERED. 

It  was  first  written  upon  in  1806,  having  been  observed  in  the  im- 
mediate vicinity  of  Philadelphia  prior  to  that  date,  perhaps  as  early 
as  1791,  or  even  1760.  The  peach  itself  has  been  successfully  culti- 
vated in  this  country  since  about  1630.  It  was  first  planted  in  the 
Chesapeake  region,  and  not  long  after  on  the  shores  of  the  Dela- 
wa.re. 

m. — FORMER  SEVERITY. 

^/Vithin  a  few  years  after  it  was  first  described,  yellows  appeared 
in  all  the  Atlantic  Coast  States  north  of  Virginia,  and  causea  great 
loss,  destroying  in  a  few  decades  hundreds  of  orchards  and  thousands 
of  trees  in  Delaware,  New  Jersey,  Pennsylvania,  New  York,  and 
Connecticut,  and  putting  an  entire  stop  to  peach-growing  in  many 
sections. 

IV.— PRESENT  DISTRIBUTION. 

In  recent  years  this  disease  has  appeared  in  Ontario,  Michigan, 
Illinois,  and  Georgia,  and  seems  not  to  have  completely  disappeared 
from  any  of  its  former  strongholds.  So  far  as  known,  yellows 
now  extends  from  Maine  to  Georgia,  and  westward  to  Lake  Michigan 
and  the  Mississippi  River.  It  has  not  been  reported  from  California 
or  from  any  State  west  of  the  Mississippi,  and  its  existence  has  not 
been  definitely  established  in  any  of  the  Gulf  States,  although  it  un- 
doubtedly occurs  in  some  of  them.  This  disease  is  also  unknown 
abroad,  or  at  least  has  not  been  described  from  any  other  part  of  the 
world.  It  should  be  looked  for  in  the  Mediterranean  region,  in  China, 
in  New  Zealand,  in  Argentine  Confederation,  and  especially  on  our 
own  West  coast,  in  California. 

V. — PRESENT  SEVERITY. 

In  recent  years  the  disease  has  been  no  less  destructive  than  for- 
merly. Thousands  of  young  and  thrifty  trees  hav6  been  destroyed  by 
it,  and  peach-growing  has  been  abandoned  in  several  parte  of  the 
country  vrliere  formerly  there  were  many  large  and  profitable  orchards, 
e.  (J.,  at  Saint  Joseph,  in  Berrien  County,  Mich.;  at  Middletown,  in 
New  Castle  County,  Del.;  near  Niagara  River  in  New  York  and  On- 
tario; and  along  the  bay  shore  in  Harford  County,  Md. 

The  disease  now  prevails  disastrously  on  the  Chesapeake  and  Del- 
aware Peninsula,  in  the  most  productive  peach  region  on  the  conti- 
nent. On  this  peninsula  it  is  confined  principally  to  the  counties  of 
Cecil  and  Kent  in  Maryland,  and  of  New  Castle  and  Kent  in  Dela- 
ware, but  is  extending  into  other  regions  formerly  free.  The  dis- 
ease is  also  now  prevalent  in  Cumberland,  Morris,  and  Hunterdon 
Counties  in  New  Jersey,  and  in  other  parts  of  the  United  States.  It 
is  everywhere  the  same  obscure,  destructive  maladyii 
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VI.— SYMPTOMS. 

The  earliest  unmistakable  symptom  of  yellows  is  the  premature 
ripening  of  the  fruit.  Diseased  trees  ripen  their  fruit,  in  whole  or 
in  part,  from  a  few  days  to  several  weeks  in  advance  of  the  proper 
time.  Often  the  peaches  on  one  or  two  limbs  only  will  be  diseased, 
all  the  rest  ripening  in  a  normal  manner.  In  sucn  causes  the  prema- 
ture peaches  are  full-grown,  ripe,  and  high-colored,  when  those  on 
the  rest  of  the  tree  are  green  and  but  half  grown. 

These  peaches,  no  matter  what  their  natural  color,  are  more  or  less 
red  and  purple-spotted  on  the  skin  and  splashed  and  streaked  within. 
Sometimes  the  normally  white  or  yellow  flesh  is  very  beautifully 
mottled,  or  almost  entirely  crimson;  again,  there  is  only  a  trace  of 
abnormal  color.  The  flavor  of  premature  peaches  varies  considera- 
bly, but  they  are  usually  insipid  and  sometimes  bitter.  They  are 
not  fit  to  eat  but  are  sometimes  put  upon  the  market  in  large  quan- 
tities, especially  early  in  the  season  and  in  years  of  scarcity.  Such 
fruit  can  readily  be  distinguished  from  healthy  by  its  high  color  and 
spotted  appearance  and  should  be  rejected. 

The  next  symptom,  which  generally  appears  the  same  season  but 
is  sometimes  delayed  until  the  next,  is  the  appearance  of  diseased, 
dwarfed  growths  upon  the  trunk  or  limbs.  These  growths  bear 
diminutive  leaves,  which  are  pale  green,  yellowisTi,  reddish,  or 
white,  as  if  etiolated.     They  often  show  a  marked  tendency  to  re- 

Seated  branching,  sometimes  as  many  as  four  sets  of  branches  being 
eveloped  in  a  few  months.  These  growths  may  arise  either  from 
obscure  buds  on  the  trunk  and  main  limbs  or  from  ordinary  winter 
buds.  They  may  appear  at  any  time  during  the  season  from  spring 
until  late  autumn.  Often  the  winter  buds  push  in  October  or  No- 
vember, after  the  foliage  has  fallen,  or  even  in  August  and  Sep- 
tember, while  it  is  still  green  and  vigorous. 

When  attacked  the  tree  is  very  often  in  a  vigorous,  healthy  look- 
ing condition,  and  sometimes  during  the  whole  of  the  first  season 
there  is  no  si^n  of  disease  beyond  the  appearance  of  a  fewpTetHature 
peaches,  the  foliage  being  full-grown  and  dark  green  and  the  shoots 
m  no  way  dwarfed  or  sickly.  As  already  intimated,  the  disease 
usually  appears  first  in  one  limb  or  on  one  side  of  the  tree,  but  some- 
times m  all  parts  ^f  the  tree  at  once  or  on  opposite  sides.  No  mat- 
ter to  how  slight  an  extent  the  tree  is  first  diseased,  it  never  recovers, 
but  becomes  entirely  diseased  in  course  of  two  seasons,  or,  at  most, 
three. 

..  The  limbs  first  attacked  ar^  badly  diseased  the  second  year,  their 
entire  growth,  shoots,  and  foliage,  beinjj  much  dwarfea  and  of  ^ 
sickly  green,  tinged  with  yellow  or  reddish  brown.  In  course  of 
two  or  three  seasons  the  entire  growth  of  the  tree  assumes  this  ap- 
pearance, and  is  then  a  sufficient  warrant  for  the  common  name, 
such  trees,  especially  when  massed  in  orchards,  being  distinguish- 
able at  some  distance  by  their  yellow  or  reddish-brown  appearance, 
which  is  in  marked  contrast  with  the  beautiful  dark  green  of 
healthy  foliage. 

Trees  not  infrequently  die  outright  the  second  year  of  attack,  but 
ordinarily  they  languish  for  a  number  of  years,  dying  gradually 
from  the  extremities  downward.  Often  sucn  trees  are  barren  after 
the  first  year,  or  they  may  bear  another  crop  of  premature  peaches, 
which  are,  however,  of  small  size  and  very  inferior  flavor. 
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Vn.— DISEASES  MISTAKEN  FOR  YELLOWS. 

Other  diseases  of  the  peach  have  been  mistaken  for  this. 

Trees  may  bear  premature  fruit  when  severely  injured  by  the 
peach-tree  borer,  ^geria  exitiosa,  Say.  The  cause  of  this  prema- 
turing  is  easily  discoverable.  It  never  occurs  until  the  tree  is  nearly 
girdled  at  the  earth  surface,  and  ready  to  die.  The  foliage  of  sucn 
trees  is  always  yellowish,  i,  e, ,  when  fruit  is  premature  by  borers  it 
is  never  borne  on  healtny,  vigorous-looking  trees.  Moreover,  the 
peaches  are  not  red-spotted,  and  the  trees  do  not  put  forth  the 
diseased  shoots  which  are  symptomatic  of  '^  yellows." 

Root  aphides  (Aphis  chrysanthemay  Kocn.  ?)  cause  peach  trees 
to  assume  a  sickly  vellow  appearance.  Often  they  are  also  much 
dwarfed,  and  not  infrequently  they  die;  but  never,  so  far  as  I  have 
observed,  do  they  bear  premature  peaches  or  the  characteristic 
shoots.  On  the  roots  of  such  trees,  even  in  late  autumn  or  winter, 
this  aphis  may  often  be  found  in  large  numbers.  I  have  also  seen  it 
upon  the  branches  in  August  and  in  January,  but  have  never  found 
the  winged  form. 

The  '*  root-knot,"  due  to  a  parasitic  worm,  Anguillvla  sp.,  has  made 
its  appearance  in  Georgia,  Alabama,  and  Florida,  ana  causes  the 
foliage  of  peach  trees  to  turn  a  sickly  yellow.  If  the  attack  is  severe 
the  younger  branches  die  back,  and  sometimes  the  whole  tree  perishes, 
but  without  any  symptoms  chara'cteristic  of  **  yellows." 

A  soil  deficient  in  food  elements,  e,  g,,eb  barren  sand,  may  also  cause 
a  yellow  and  stunted  appearance,  with  premature  aging  and  decay, 
but  such  trees  plainly  inaicate  starvation,  and  are  in  marked  contrast 
to  those  attacked  by  yellows. 

VIII. — CAUSE  OF  YELLOWS. 

The  cause  of  this  disease  is  still  unknown,  but  there  is  reason  to 
believe  it  will  be  discovered  at  no  distant  day. 

It  has  been  attributed  to  severe  freezing  in  winter,  but  this  oan 
hardly  be  a  sufficient  cause,  because  it  occurs  where  the  winters  are 
not  severe,  and  is  absent  in  places  where  peach  trees  have  suffered 
severely  from  the  cold. 

It  has  been  attributed  to  excessive  rain-fall,  but  it  has  been  absent 
from  one  locality  and  present  in  another,  when  both  suffered  from 
excessive  i^recipitation.  Moreover,  in  localities  wet  in  1887  and  dry 
in  1888  the  disease  seemed  to  prevail  without  reference  to  the  changed 
condition,  i.  e.,  as  many  healthy  trees  were  attacked  in  1888  as  in 
1887. 

It  has  ])eeii  attributed  to  impoverishment  of  the  soil,  especially  to 
a  deficiency  of  lime,  potash,  and  phosphoric  acid;  but  it  now  occurs 
on  fertile  soil,  both  virgin  and  highly  improved,  in  as  destructive  a 
form  as  was  c^ver  observed  in  the  most  impoverished  district,  and  is 
now  absent  from  certain  poor,  sandy  regions,  deficient  in  the  elements 
necessary  to  the  growth  of  vegetation. 

Yellows  has  also  been  attributed  to  parasites.  I  am  inclined  to 
think  no  insect  has  to  do  with  the  disease  unless  it  be  the  root  aphis 
before  mentioned,  and  there  seems  to  be  enough  evidence  to  rule 
this  out.  None  of  the  higher  fungi  sometimes  found  in  the  parts 
above  ground  appear  to  stand  in  any  causal  relation  to  yellows. 
An  unusual  number  of  rootlets  are  dead  in  trees  affected  by  this  dis- 
ease, and  an  evanescent  cobweb  mycelium  observed  on  these  rootlots 
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may  be  the  cause,  but  is  quite  as  likely  to  be  a  consequence,  i.  c,  a 
pure  saprophyte.  This  possible  cause  and  the  root  aphis  are  stiU 
under  consideration. 

Peach-growers  have  believed  very  generally  that  one  great  danger 
lay  in  the  careless  selection  of  pits  for  nursery  stock,  whereby  many 
from  premature  peaches  were  included.  The  results  of  my  attempt 
to  grow  infected  trees  from  diseased  pits  were  all  negative.  In  1887 
over  3,100  pits  from  premature,  red-spotted  peaches  were  collected 
and  carefully  planted,  but  only  fifteen  trees  resulted,  all  of  which  are 
now  healthy.  The  peaches  were  taken  from  young  and  old  trees,  all 
vigorous  and  in  the  first  stage  of  the  disease,  but  in  very  many  cases 
the  pit  contained  no  kernel  or  only  an  imperfect  one— ary,  watery, 
or  black.  Past  experiments  corroborate  my  own  and  indicate  that 
the  pits  of  very  few  premature  peaches  will  grow. 

Upon  the  theory  that  yellows  is  due  to  some  ^^germ"  which  en- 
ters through  the  blossoms,  it  would  seem  as  if  one  ought  to  be  able 
to  cut  out  the  disease  before  it  spreads  through  the  entire  tree.  This 
theory  is  as  old  as  the  time  of  William  Prince,  and  has  been  popu- 
lar from  the  fact  that  the  disease  sometimes  appears  the  first  season 
in  a  single  peach  or  in  the  peaches  of  one  twig  only,  the  rest  of  the 
tree  appearing  to  be  perfectly  healthy.  In  1887  and  again  in  1888. 
an  attempt  was  made  to  remove  the  disease  from  slightly  affected 
trees  by  prompt  and  severe  excisions.  From  one-third  to  two-thirds 
of  each  tree  was  removed  for  the  sake  of  getting  rid  of  a  few  infected 
limbs.  In  most  cases  a  large  part  of  that  which  was  removed  and 
all  of  that  which  remained  was  perfectly  healthy,  if  normal  and  vig- 
orous fruit,  foliage,  and  shoots  be  any  indication  of  health.  Tne  re- 
sults of  the  experiments  in  1887  were  entirely  concordant  and  satis- 
factory. Twenty-four  trees  were  under  observation  and  in  no  case 
was  the  disease  removed  or  its  progress  checked  by  the  excisions. 
The  possibility  of  re-infection  was  not  excluded,  but  the  probability 
is  slight  from  the  fact  that  in  1888  only  10  per  cent,  of  tne  remain- 
ing healthy  trees  had  become  diseased,  while  every  one,  i,  e.,  100  per 
cent.,  of  the  excised  trees  showed  the  disease.  If  these  twenty-four 
trees  were  all  re-infected  it  would  seem  that  a  larger  number  of  the 
surrounding  trees  should  have  become  diseased.  Moreover,  these 
twenty-four  trees  were  all  So  badly  diseased  as  to  seem  to  preclude 
the  idea  of  re-infection.  They  were  nearly  as  bad  as  any  of  the  other 
trees  attacked  in  1887.  The  result  of  the  excisions  made  in  1888  is 
not  yet  known. 

The  result  of  some  inoculations  made  in  1887  is  also  gratifying,  and 
seems  to  pat  the  communicable  nature  of  *^  yellows" beyond  reason- 
able doubt. 

In  August  about  one  thousand  healthy  seedling  trees  were  inoc- 
ulate witn  buds  from  diseased  trees  as  in  ordinary  budding.  Owing 
to  the  interruption  of  this  investigation  in  the  spring  of  1888,  several 
lots  of  these  trees  were  shipped  without  proper  care  and  suffered 
much  in  transit  so  as  to  somewhat  confuse  results ;  but  two  lots,  each 
of  about  two  hundi'ed  trees,  were  uninjured,  and  to  these  the  present 
discussion  will  be  confined. 

One  of  these  lots,  inoculated  with  buds  apparently  healthy  but 
taken  from  a  tree  on  which  were  some  limbs  in  the  first  stage  of  the 
disease,  was  sent  to  a  locality  free  from  yellows,  and  up  to  the 
last  of  June  showed  no  trace  of  the  disease.  Unfortunately  these 
trees  were  not  examined  in  the  autumn,  and  their  present  condition  is 
not  known. 
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The  other  lot,  inoctQated  with  buds  from  the  characteristic  shoots 
of  trees  in  the  first  year  of  the  disease,  was  left  in  the  nursery  where 
budded.  The  result  of  these  inoculations  is  very  conclusive.  The 
trees  were  examined  in  August,  1888,  and  again  in  November.  Most 
of  the  inserted  buds  *  *  caught,  *^  but  verv  few  of  them  grew.  Some  grew 
into  shoots  which  seem  to  be  healtny;  others  grew  into  diseased 
shoots,  as  was  to  be  expected.  The  point  of  most  interest  is  that 
about  40  per  cent,  of  the  previously  healthy  stocks  contracted  the 
disease  from  the  inserted  buds  and  sent  out  feeble  wiry  growths, 
often  at  a  distance  of  some  inches  from  the  inserted  buds.  The  evi- 
dence of  this  infection  of  the  stocks  could  be  seen  in  July,  was  clear  in 
August,  and  still  plainer  in  November,  when  nearly  all  of  the  winter 
buds  on  some  of  the  stock  shoots  were  just  pushing  under  the  influ- 
ence of  the  disease.  Even  as  early  as  August,  26  per  cent,  of  the  in- 
fected stocks  were  dead ;  and  others,  then  languisning,  were  dead  in 
November. 

Of  the  entire  lot  of  two  hundred  trees  only  thirty-nine  appeared  to 
be  entirely  healthy  in  November.  The  following  ti^ble  shows  the 
condition  of  these  trees  in  the  autumn  of  1888: 

BeatUt  of  experiment  undertaken  to  determine  whether  yeUowe  can  he  tranamitted 
by  buading.  Trees  inoculated  in  Maryland  August  12, 1887.  Bud&  Bdeetedfrom 
dieeaeed  moots  on  young  and  thrifty  trees  of  Crawforas  Late. 


CoDdiUon. 


Healthy. . . 
Doubtful.. 
Diseaaed.. 
Dead 

Total 


August  ezaml- 

Norember    es- 

Treea. 

Per  cent. 

Treea. 

ParoBoth 

47 
21 
81 
6B 

8B 
11 
40 
80 

67 
78 

19 
18 
88 

88 

808 

100 

,  m 

100 

From  this  table  it  is  apparent  that  the  condition  of  the  trees  was  con- 
siderably worse  in  November  than  in  August.  It  will  be  observed 
also  that  even  in  August  a  relatively  laorge  per  cent,  were  dead. 
Earlier  in  the  season  manv  of  these  same  trees  put  out  feeble  shoots 
from  the  inserted  bud  or  tne  stock,  but  these  grew  only  from  one-half 
an  inch  to  3  inches  and  then  died.  A  June  examination  would  un- 
doubtedly have  shown  a  much  larger  number  of  healthy  trees  and 
fewer  dead  ones.  The  trees  markra  HeaUhv^  as  well  as  a  majority  of 
those  marked  t)ovbtful  and  Diseasedy  showea  a  green,  thrifty-looking 
top,  and  at  a  distance  gave  no  indication  of  disease*  Asa  rule,  howr 
ever,  their  growth  was  not  as  robust  as  that  of  trees  in  the  adjoining 
rows. 

For  comparison,  trees  were  examined  in  the  same  row  and  in  the 
row^on  eacn  side  to  the  number  of  five  hundred  and  fifty  and  found 
healthy.  These  trees  are  of  the  same  age  and  stock,  and  were  budded 
at  the  same  time,  but  from  healthy  trees.  The  contrast  wa^  very 
striking,  and  the  comparison  left  no  doubt  whatever  that  in  this  oaae 
the  disease  was  due  entirely  to  the  insertion  of  the  unhealthy  bud^. 

These  trees  are  still  under  observation,  and  it  is  to  be  horod  tl^iii 
the  other  lot  can  also  be  examined  and  reported  w  during  the  oomr 
ing  season. 
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Additional  experiments  and  laboratory  investigations  are  under 
way  and  will  be  reported  upon  later. 

IX. — REMEDIES. 

All  advertised  "  cures"  are  humbugs.  No  reme<ljr  is  yet  known. 
Nothing  can  be  recommended  with  confidence,  but  it  is  very  gener- 
ally believed,  especially  in  Michigan  and  Ontario,  that  the  disease 
may  be  held  in  check  by  the  prompt  removal  and  burning  of  all  dis- 
eased trees.  To  be  effective  this  must  be  done  promptly  and  com- 
pletely upon  the  first  appearance  of  the  disease. 

As  an  additional  precaution  it  would  be  best  to  procure  trees  from 
localities  not  now  suffering  from  yellows. 

X.— ON  REPLANTING,   ETC. 

The  question  is  often  asked,  Will  it  pay  to  replant  when  orchards 
have  been  destroyed  by  yellows  ?  That  depends  upon  the  nearness 
to  market,  the  extent  to  which  the  disease  is  present,  etc.  In  Michi- 
gan, where  diseased  peach  trees  are  usually  dug  out  promptly,  peach 
orchards  are  on  the  increase,  and  the  loss  of  trees  per  annum,  it  is 
said,  rarely  exceeds  5  per  cent.,  and  is  usually  much  less.  Even  in 
New  Jersey,  where  no  restrictive  measures  are  in  force,  and  where 
growers  expect  to  lose  their  trees  after  two  or  three  crops,  the  busi- 
ness is  still  considered  profitable,  and  maiiy  trees  are  planted  each 
year  to  take  the  place  of  those  diseased.  M^ny  growers  hesitate  to 
set  trees  in  the  place  of  those  removed  on  account  of  yellows,  but 
the  results  of  trials  in  Michigan  during  the  last  ten  years  show  that 
it  can  be  done  without  danger.  Trees  thus  reset  are  in  no  special 
danger.  They  do  not  contract  yellows  sooner  than  others  in  the 
same  orchard.  Peach-growing  is  so  profitable,  especially  on  the 
Chesapeake  and  Delaware  peninsula,  that  this  experiment  is  certainly 
worth  trying  upon  an  extended  scale. 

For  an  explanation  of  the  text,  see  accompanying  maps  and  illus- 
trations, and  for  additional  information  consult  a  special  report  on 
Peach  Yellows,  recently  published  by  this  Section. 

16. — Additional  Notes  on  Celery-leaf  Blight. 

Cercospora  apii,  Fries. 

In  the  Annual  Report  for  1886  this  fungus  was  figured  and  de- 
scribed, and  a  partial  account  of  the  injury  occasioned  by  it  was 
furnished.  More  extended  observations  on  the  subject  have  shown 
that  the  damage  to  celery  plants  resulting  from  its  attacks  is  greater 
than  was  at  first  supposed,  owing  to  the  fact  that  the  peculiar  yellow- 
ish appearance  of  tne  foliage  which  cliaracterizes  tlie  disease  is  often 
attributed  to  **  sun  scald/'  *'  red  spider/'  etc. 

Our  first  experience  witli  tliis  raala(iy  was  in  1881,  at  which  time 
it  made  its  appearance  about  the  last  of  July  in  a  number  of  beds, 
containing  in  all  about  ]  0,000  plants.  The  plants  were  grown  from 
seed  sown  in  a  green-house  in  March,  and  were  for  the  most  part  of 
the  varieties  known  as  '*  Boston  Market "  and  **  Golden  Heart.  The 
last  of  April  they  were  pricked  out  in  the  open  ground,  and  by  the 
middle  oi  June,  beinff  strong  and  vigorous,  they  were  lifted  for  the 
last  time  and  transplanted  into  rich,  highly  manured  soil.  They 
made  a  good  start  and  grew  rapidly  for  a  few  weeks,  but  about  the 
last  of  July  the  plants  in  one  bed  began  to  show  signs  of  disease  and 
three  weeks  later  nearly  aU  the  plants  wiere  entirely  destroyed. 
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For  a  time  endeavors  were  made  to  check  the  disease  by  destroying 
the  yellow  leaves  as  fast  as  they  appeared,  and  by  the  application  (3 
solutions  of  hyposulphite  of  soda,  sulphuret  of  potassium,  etc. 
Despite  all  our  efforts,  however,  the  disease  progressed  rapidly,  and 
the  plants  were  finally  abandoned  to  the  fungus  and  weeds.  The 
latter  grew  luxuriantly  in  the  beds  where  the  soil  was  unusually 
moist,  and  here  the  celery  plants,  which  were  well  shaded,  soon  re- 
covered from  the  effects  of  the  fungus  and  remained  healthy  through- 
out the  summer. 

The  next  season  the  celerv  beds  were  made  beneath  several  large 
locust  trees  which  effectually  protected  the  plants  from  the  sun,  and 
during  the  whole  season  not  a  plant  thus  protected  was  destroyed  by 
blight.  Our  only  explanation  of  the  foregoing  facts  is,  that  celery 
being  a  native  of  a  cool,  moist  climate  it  has  not  the  constitutional 
vigor  to  withstand  the  hot,  parching  sun  of  our  summers,  conse- 
quently when  exposed  to  the  latter  certain  conditions  which  favor 
tne  development  of  the  fungus  and  retard  the  growth  of  the  celery 
are  brought  about,  and  as  a  result  the  latter  succumbs  to  the  attach 
of  the  parasite.  So  far  as  our  observations  have  extended  the  dis- 
ease occasions  the  greatest  injury  in  sections  where  the  summers  are 
long,  hot,  and  dry.  In  regions  where  the  soil  throughout  the  hot 
months  is  cool  and  moist,  and  the  air  is  also  in  a  constantly  humid 
condition,  the  disease  is  unknown.  Just  such  conditions  a^  the  fore- 
going are  to  be  met  with  in  the  vicinity  of  Kalamazoo,  Mich.,  where 
the  finest  celery  in  the  country  is  grown. 

Where  it  is  not  practicable  to  shade  plants  by  natural  means,  such 
as  has  already  been  referred  to,  artificial  shades  m  the  shape  of  screens 
made  of  coarse  sacking  or  laths  will  be  found  fully  as  enectual.  For 
several  reasons  lath  screens  are  preferable  to  those  made  of  cloth; 
they  are  cheap  and  easily  made  by  nailing  the  laths  at  each  end  to 
two  narrow  boards  10  feet  in  length.  The  laths  are  usually  placed 
about  1  inch  apai-t,  thus  allowing  plenty  of  air  to  reach  the  plants,  at 
the  same  time  effectually  shading  them.  Such  screens  when  finished 
are  4  feet  wide  and  10  feet  in  length;  they  may  be  supported  by 
posts  driven  down  on  either  side  of  the  bed,  the  height  or  the  former 
of  course  depending  upon  the  size  of  the  i)lants.  As  the  plants  in- 
crease in  size  the  screens  may  easily  be  raised.  At  the  approach  of 
cool  weather,  which  usually  comes  on  in  September,  the  screens  may 
be  discarded  entirely,  as  the  fungus  at  this  season  looses  its  activity. 
It  remains  alive,  however,  in  the  old  leaves  during  the  winter  and 
following  spring,  but  so  far  as  we  have  been  able  to  discover  it  does 
not  change  its  form.  Conidia  were  found  on  fragments  of  old  leaves 
late  in  the  spring  of  1888,  and  these  germinated  readily  when  sown 
in  water.  A  knowledge  of  this  fact  shows  the  importance  of  destroy- 
ing tlie  old  diseased  leaves  in  the  autumn,  as  each  small  fragment  of 
tlio  latter  liar])ors  thousands  of  the  reproductive  bodies  of  the  fungus. 
Wliat  is  probably  only  a  form  of  the  parasite  under  consideration 
often  attacks  the  common  parsnip,  a  plant  closely  related  to  the 
col('rv.  ])r<)(liicing  a  diseased  condition  of  the  foliage  similar  to  the 
cel(  'rv-](^af  i)liglit.  The  fungus  in  this  case  differs  slightly  from  that 
wliicli  occurs  upon  celery,  but  whether  the  two  forms  are  really 
identical  hfus  not,  so  far  as  we  know,  been  proved. 

B.  T.  Galloway. 

Chief  of  Section. 

Hon.  Norman  J.  Colman, 

Com/missioner, 
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EXPLANATION  OF  PLATES. 

Plate  I. 

POTATO  ROT— PHYTOPHTHORA  INFESTANS,  DBY. 

Fig.    1.  Potato  leaf,  showing  brown  spots  caused  by  the  fungus. 
Fig.    2.  Section  through  a  diseased  potato,  showing  discoloration  in  the  outer  por- 
tions, due  to  the  presence  of  the  Phytophthora  in  the  tissues, 

Plate  II. 

POTATO  ROT— PHYTOPHTHORA  INFESTANS,   DBY. 

Fig.  1.  Section  through  a  diseased  loaf,  showing  the  mycelium  in  the  tissues  and 
two  external  spore-l)earing  hyphfe  projecting  through  a  stoma. 

Fig.  2.  Conidia  and  conidiophores  more  enlarged.  The  epideimis  and  stoma  are 
shown  in  the  surface  view.    (F.  L.  Scribner,  del.) 

Fig.  3.  A  series  of  drawings,  representing  successive  stages  in  the  development  of 
a  conidium:  a,  end  of  conidiophore  slightly  swollen;  6,  c,  successive 
stages  in  the  growth  of  the  conidium;  d,  Sie  conidiophore  has  pushed  on, 
leaving  the  conidium  already  formed  attached  to  an  enlargement  below 
the  pomt,  and  has  begun  to  form  another  conidiiun  on  the  end;  e,  the 
first-formed  conidiiun  has  fallen  from  the  enlargement  of  the  conidio- 
phore at  gr,  and  the  second  conidiiun  formed  is  in  turn  left  behind  by  the 
growing  conidiophore,  which  is  forming  a  third  conidium  at  the  end. 

Fig.    4.  Mycelium  in  the  tissue  of  a  potato  tuber.    (F.  L.  S.,  del.) 

Fig.  5.  Series  of  figures  representing  the  germination  of  a  conidium:  a,  mature 
conidium;  6,  same,  after  remainmg  some  time  in  water,  five  vacuoles 
have  made  their  appearance;  c,  the  contents  are  segmented  into  five  dis- 
tinct parts,  each  of  which  is  provided  with  a  vacuole;  d,  the  exospore 
has  ruptured  and  the  zoospores  are  in  the  act  of  escaping;  e,  free  zoo- 
si)ore;  /,  same  a  little  later,  the  vacuoles  have  become  smaller;  or,  same, 
still  later,  the  cilia  are  gone  and  the  zoospore  has  come  to  rest;  h,  begin- 
ning of  germination;  i,  A:,  ?,  successive  stages  in  the  growth  of  the  germ 
tube  or  first  mycelium  filament;  w,  entrance  of  g^rm  tube  into  the  leaf 
through  a  stoma. 

Fig.  6.  Section  of  leaf,  showing  the  penetration  of  a  germ  tube  into  the  epider* 
mis  through  the  cell  wall. 

Plate  ni. 

BLACK-ROT  OP  TOMATO— MACROSPORIXJM  SOLANI,  RAV. 

Figs.  1  and  2.  Diseased  fruit  in  different  stages  of  decay,  showing  the  black  appear- 
ance and  sinking  in  of  the  decayed  portions.    (R.  CJowing,  fecit.) 

Fig,  3,  Tuft  of  conidiophores,  showing  characteristic  protuberances  on  which  spores 
have  been  borne.    (E.  A.  Southworth,  del. ) 

Fig.  4.  End  of  branched  conidiophore  with  spore  attached  to  one  of  the  branches. 
(E.A.S.,del.) 

Fig.    5.  Spores.    (E.  A.  S.,  del.) 

Fig.   6.  Grerminating  spores,    (E.  A.  S.,  del.) 

Fig.  7.  Tuft  of  conidiophores  without  the  protuberances  sliown  in  Fig.  3:  a,  my- 
celium.   (E.  A.  S.,  del.) 

Plate  IV, 

TOMATO  DISEASES — FUSARIUM  SOLANI,  MART.,  AND  CLADOSPORIUM  FULVUM,  CKE. 

Fig.  1,  Ends  of  conidiophores  bearing  macroconidia:  a  a,  immature;  and  6,  ma- 
ture macrocouidia.    (R.C.,del.) 

Fig.  2.  Branch  of  a  hypha  that  has  run  over  the  surface  sending  out  upright  coni- 
diophoree;  tibe  macroconidia  on  the  latter  are  immature.    (R.  C.»  deL) 
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Fig.    8.  Portion  of  branched  conidiophores  from  one  of   the  fruitmg  tufts   that 
break  through   the  epidermis:  6,  conidiophore;  a  a,  immature  macro- 
conidia.     (R.  C. ,  del.) 
Fig.    4.  IVIature  macroconidia.    (R.  C,  del.) 

Fig.    5.  Germinating  macroconidia:  a,  only  a  few  hours  in  water,  one  of  the  seg- 
ments has  swollen;  6,  later  stage;  c,  spore  forming  a  microconidium  at 
the  end.    (R.  C. ,  del. ) 
Fig.    6.  Microconidia:  a  a,  immature  forms;  6,  mature,  showing  rough  exospore. 
Fig.    7.  Germinating  microconidium.    (R.  Prestele,  del.) 
Fig.    8.  Myceliimi  between  the  cells  of  the  tomato.    (R.  C,  del.) 
Fig.    9.  Tuft  of  conidiophores  of  Cladosporium  fulvum.    (E.  A.  S.,  del.) 
Fig.  10.  Spores  and  ends  of  conidia-bearmg  branches:  a,  5,  c  are  probably  ends  of 
fruiting  branches  capable- of  breaking  up  into  spores;  d  d,  genninating 
spores.  (E.  A.  S.,  del.) 
Fig.  11.  Peculiar  and  characteristic  forms  of  conidiophores,  showing  method  of 
branching  and  bearing  spores.     (E.  A.  S.  del.) 

Plate  V. 

BROWN-ROT  OF  CHERRY— MONIUA  FRUCTIGENA,  PERS. 

Fig.  1.  Upper  side  of  a  diseased  leaf,  showing  the  in*6gular  brown  spots  made  by 
the  fungus.     (R.  C,  fecit.) 

Fig.    2.  Lower  side  of  a  diseased  leaf.     (R.  C,  fecit.) 

Fig.  3.  Bimch  of  cherries,  some  of  which  are  attacked  by  the  fungus:  «,  cherry 
which  was  diseased  the  year  before,  and  has  himg  on  the  tree  over  win- 
ter; by  green,  healthy  cherries;  c  c,  diseased  cherries  with  the  blossom 
(d)  clinging  to  the  fruit.    (R.  C,  fecit.) 

Plate  VI. 

BROWN-ROT  OP  CHERRY— MONILIA  FRUCTIGENA,  PERS. 

Fig.    1.  Fruiting  tuft  that  has  broken  through  the  epidermis — from  apple.    (E.  A. 

S.,  del.) 
Fig.    2.  Mycelium  found  in  dried  specimens  of  diseased  apple:  a,  showingpassage 

through  cell  wall;  6,  coarse  hyphas  passing  into  finer  ones.    (R  A.  S., 

del.) 
Fig.    3.  Cell  of  peach,  showing  the  fine  mycelium  in  the  cell.    (E.  A.  S.,  del.) 
Fig.    4.  Piece  of  coarse  mycelium  from  fresh  peach;  the  protoplasm  is  so  full  of 

vacuoles  as  to  give  it  the  appearance  of  a  network.    (E.  A.  S.,  del.) 
Fig.    5.  Cxorminating  spores  from  the  same  fungus  on  plum,  showing  fusion  of  germ 

filaments,  both  uniting  the  spores  themselves  and  th©  main  filaments 

proceeding  from  them.     (E.  A.  S.,  del.) 
Fig.    0.  Germinating  spores  from  the  fungus  on  peach,  shown  in  optical  section. 

(E.  A.S.,  del.) 
Fig.    7.  Spores  from  peach,  showing  some  in  the  first  stages  of  germination;  at  a 

two  germ-tubes  are  approaching  preparatory  to  fusion.    (E.  A.  S.,  del.) 

Plate  VII. 
powdery  mildew  op  cherry— podosph-fflra  oxycantha  (dc.),  dby. 

Fig.  1 .  Porithccium  from  the  fungus  on  Prunus  ceraauSy  viewed  nearly  from  above, 
showing  the  septate  appendages.  The  appendages  are  usually  a  little 
lonj]^^*^  than  here  represented.     (M.  B.  Waite,  delO 

Fkj.  2.  A  wt^ll  developed  appendage  from  a  peritheciiuu  on  Cfratcegiis  tovientosa 
(inurh  enlarged).     (M.  B.  W.,  del.) 

Fig.  o.  Ascus  from  a  ixii'ithecium  on  Prunus  cerasuSy  showing  the  contained  asco- 
spores:  ?>,  one  of  the  ascosjiores,  showing  the  granular  protoplasmic  con- 
tents.    (M.  B.  W.,  del.) 

Fig.  4.  A  portion  of  the  myceUum  with  conidiophores  and  rows  of  conidia  (from 
j)each  h»aves):  a,  conidiophores;  5,  conidia;  c,  four  nearly  mature  coni- 
dia, Avith  the  upper  one  about  to  be  detached;  d,  three  mature  conidiai 
detached.    (E.  A.  S.,  del.) 
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Fig.  5.  Section  through  the  epidermis  of  an  infested  peach  leaf,  showing  a  short 
piece  of  the  mycelium  (a)  and  a  haustorium  (o)  extending  into  an  epider- 
mal cell.    (E.  A.  S.,  del.) 

Fig.  6,  A  pycnidium  and  portions  of  the  mycelium  of  CvAnohohLS  Cesatii,  DBy. , 
showing  the  mycelium  inside  that  of  the  PodoaphcBra,  (M.  B.  W.,  del.) 
The  spores  are  seen  exuding  from  the  apex  of  the  pycnidium.  (Draw- 
ings all  made  from  nature  by  the  aid  of  tne  camera  lucida.) 

Plate  vm. 

LEAF  BUGHT  AND    CRACKING    OF    THE    PEARt-ENTOMOSPORIUM    MACULATUM,   lAv. 

Fig.    1.  End  of  branch » showing  leaves  with  characteriErtic  spots  caused  by  the  fun- 
gus.   (R.  C,  fecit.) 
Fig.    3.  Diseased  fruit,  showing  spots  and  crack.    (R.  C,  fecit.) 

Plate  IX. 

LEAF  BLIGHT  AND  CRACKING    OF    THE  PEAR — ENTOMOSPORIUM    MACULATUM,   Lfev.; 

LEAF  SPOT  OF  ROSE — CERCOSPORA  ROSJECOLA,   PASS. 

Fig.  1.  Section  of  leaf  through  a  disease  spot,  showing  a  fruit  pustule  oontaining 
spores  in  diflferent  stages  of  development.    (E.  A.  S. ,  del.) 

Fig.  2.  Young  spores,  showing  method  of  development  and  attachment  to  the  my- 
celium.   (E.  A.  S. ,  del.) 

Fig.    8.  Mature  spores.    (E.  A.  S.,  del.) 

Fig.  4.  Spermogonium  form  often  found  on  the  same  leaves  with  EntomospBrium, 
siu*face  view.    (E.  A.  S.,  del.) 

Fig.    5.  Section  of  same.     (E.  A.  S.,  del.) 

Fig.  6.  Mature  or  ascosporous  stage  of  the  fungus:  a,  ascus  containing  the  two- 
celled  ascospores;  6,  empty  ascus  with  pore  open  at  the  apex  through 
which  the  spores  have  escaped;  c,  germinating  ascospores;  a,  same,  more 
advanced;  6,  paraphyses.    (After  Sorauer.) 

Fig.  7.  Tuft  of  conidiophores  and  conidia  of  Cercospora  roscecola:  a,  spore;  6, 
conidiophore.     (E.  A.  S.,  del.) 

Fig.  8.  Spores  from  fungus  collected  after  a  spell  of  wet  weather,  which  probably 
accounts  for  the  difference  between  them  and  the  spores  in  Fig.  7.  (E. 
A.  S.,  del.) 

Plate  X. 

PLUM  POCKETS— TAPHRINA  PRUNI  (FCKL.),  TUL. 

Fig.    1.  Branch,  natural  size,  showing  the  appearance  of  the  pockets.    (R.C.,del.) 

Fig.  2.  Surface  view  of  the  network  of  mycelium  between  the  epidermal  cells  and 
the  cuticle. 

Fig.  8.  Section  through  the  outer  surface  of  the  pocket,  showing  the  mycelium  in 
the  tissues  and  between  the  epidermal  cells  and  the  network  in  section 
above  these.     (After  Sorauer.) 

Fig.  4.  Section,  showing  yoimg  asci  which  have  not  yet  ruptured  the  cuticle. 
(E.  A.S.,del.) 

Fig.  5.  Section  showing  asci  in  different  stages,  some  of  them  mature  and  contain- 
ing spores,  the  others  resemble  those  of  Fig.  4.    (E.  A.  S.,  del.) 

Fig.  6.  Asci,  more  enlarged  and  separated  from  the  others,  showing  8ept?um,  pedi- 
cels, and  spores.    (E.  A.  S. ,  del.) 

Plate  XI. 

APPLE  RUST— RCESTELIA  PIRATA,   THAX.  ? 

Fig.    1.  Ap])le  leaves,  showing  the  aecidium  stage:  a,  upper  side  of  leaf;  5,  under 

side.    (R.C.,  fecit.) 
Fig.    2.  Oymnosporangiuin  nmcropiia  or  Cedax  SLpiile,    (R.C.,  fecit) 
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Plate  XII. 

APPLE  RUST — RCESTELIA  PIRATA,   THAX. 

Fig.  1.  Fragment  of  leaf,  sho\^ing  the  under  side  with  the  cluster  cups.  The  peri- 
dia  are  blit  and  turned  ba<:k,  as  is  characteristic  of  this  species.  CR,  C, 
del.) 

Fio.  2.  uEcidio  spores,  showing  thin  places  in  the  cell  wall  for  the  passage  of  the 
genu  tubes:  a  a,  thin  places.  (Drawing  made  from  specimens  that  had 
been  soaked  in  a  strong  pota£;h  solution.)    (E.  A.  S.,  del.) 

Fig.    8.  Germinating  spores:  a  a,  germ  tubes.     (E.  A.  S.,  del.) 

Fig.    4.  Spores  of  Gymnosporangium.    (E.  A.  S.,  del.) 

Fig.    o.  Germinating  spore  of  same:  a  a,  sporidia.    (Aftw  Farlow.) 

Fig.    G.  Germinating  sporidia.     (E.  A.  S.,  del.) 

Plate  XIII. 

NEW  GRAPE  DISEASE— SEPTOSPORIUM  HETEROSPORUM,  ELLIS  AND  GALLOWAY. 

Fig.    1.  Tuft  of  conodiophores  of  Septosporium  Fuckdiu    (E.  A.  S.,  del.) 

Fig.    2.  S]K)res  of  same.     (E.  A.  S.,  del.) 

Fig.    8.  Tuft  of  conidiophores  of  Septosporium  heterosporum,    (E.  A.  S.,  del.) 

Fig.    4.  Spores  of  same.     (E.  A.  S.,  del.) 

Fig.    5.  Si^ermogoniuin  of  sam^,  with  tuft  of  conidiophores  growing  from  apex  of 

capsule.     (E.  A.  S.,  del.) 
Fig.    6.  Section  through  a  spermogonium,  showing  the  spermatia  and  manner  in 

which  they  are  borne.     (E.  A.  S.,  del.T  ,  - 
Fig.    7.  Spermatia,  much  enlarged.     (E.  A,S.,  del.* 

Plate  XIV. 

MAPLE-LEAF   BLIGHT— PHYLLOSTICTA   ACERIOOLA,   C.   &  E. 

Fig.  — .  SlioNving  the  spots  on  lK>th  sides.     (R.  C,  fecit.) 

Plate  XV. 

MAPLE-LEAF    BLIGHT — PHYLLOSTICTA    ACERICOLA,     C.    &    E.;     SYCAMORE    DISEASE — 

GLCEOSPORIUM  NERVISEQUUM,  SAOC. 

Fig.    1.  Section  through  pycnidium  of  Phyllosticta  acericola  on  Acer  dasycarpum. 

(E.  A.  S.,del.) 
Fig.    2.  Germinating  spores.     (E.  A.  S.,  del.) 

Fig.    8.  Mycelium:  a,  m  Acer  rJibrum;  6,  in  Acer  dasycarpum.     (E.  A.  S.,  del.) 
Fig.    4.  Section  through  matine  pustule  of  Discella  platani  on  bark  of  Flatanus, 

(E.  A.  S.,  del.) 
Fig.    5.  GJceosiporinni  nervisequum  on  leaf.     (E.  A.  S.,  del.) 
Fig.    6.  Spores.     (E.  A.  S.,  del.) 

Plate  XVI. 

POPLAR  LEAF  RUST — MELAMPSORA  POFULINA,  L^V. 

Fig.    1.  SiH^tioTi  tlu-ough  sorus  containing  uredospores.     (E.  A.  S.,  del.) 

Fig.    2.  Sei-tion  tlirough  sorus  containing  teleutospores.     (M.  B.  W.,  del.) 

Fig.    8.  Uredos])ores  and  paraphyses:  a  a  a,  spores  in  optical  section;    6,  surface 

view:  c  c,  paraphjrses;  d,  immatiu-e  spore.     (Ef.  A.  S.,  del.) 
Fig.    4.  Teleutospores:  a  a,  m  optical  section;  5,  surface  view.     (M.  B.  W.,  del.) 

Plate  XVII. 

HEALTHY  PEACH   SHOOT — DELAWARE. 

Robust  terminal  sb(M)t.     Taken  August  20,  1888,  from  a  healthy  tree  in  orchard  of 
Joseph  Mc Daniel,  Dover,     Del.     Reduced  to  about  one-fifth  natural  siz^t 
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Plate  XVIII. 

DISEASED  PEACH  SHOOTS— DELA.W ARE. 

Shoots  from  an  obscure  bud  on  limb  of  a  tree  badly  diseased  by  yellows;  such 
shoots  usually  remain  entirely  unbranched  in  healtliy  trees.  Taken  September 
3,  1887,  from  orchard  E.  P.  Selmser,  Dover,  Del.  Reduced  to  about  seven  twenty- 
fourths  natural  size. 

Plate  XIX. 

HEALTHY  AND  DISEASED  PEACHES— DELAWARE. 

Stump  the  World  or  Old  Mixon  peaches,  taken  August  20, 1888,  from  orchard  of  Jo- 
seph McDaniel,  Dover,  Del.    Natural  size. 

No.  1.  green  and  healthy;  No.  2,  from  a  neighboring  tree,  red-spotted  and  i>renia- 
turely  ripe. 
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REPORT  OF  THE  STATISTICIAN. 


Sir  :  I  have  the  honor  to  submit  my  twentieth  report  as  Statistician 
of  this  Department,  a  series  including  a  record  of  the  work  of  the 
Division  of  Statistics  since  1866,  with  the  exception  of  that  in  the 
years  1879  to  1881  inclusive. 

The  year  has  been  one  of  great  activity.  The  usual  range  of  effort 
in  domestic  and  foreign  statistics  has  been  traversed.  The  records 
of  foreign  official  and  other  investigation  have  been  materially  en- 
larged during  the  year,  and  facilities  for  international  comparisons 
have  been  much  increased.  The  long-continued  fiscal  discussion 
during  the  last  session  of  Congress  made  heavy  demands  upon  this 
branch  of  the  service.  The  legislator  of  the  present  day  relies  much 
upon  the  aid  of  statistics  in  the  prosecution  of  his  work,  and  has 
available  a  treasury  of  facts  not  attainable  by  the  statesmen  of  the 
former  generation. 

The  crop-reporting  branch  of  the  service,  which  includes  a  corps 
of  county  correspondents  and  their  assistants,  State  agents  and  their 
assistants,  and  a  foreign  agent  connected  with  our  consular  system, 
has  somewhat  extended  its  territory  and  enlarged  its  work.  The 
county  correspondents  now  number  2,331,  their  assistants  are  fully 
three  times  as  many,  and  the  State  agencies  have  a  large  list  of  cor- 
respondents. Altogether  over  twelve  thousand  persons  are  connected 
with  the  work  of  statistical  investigation.  The  State  agencies  are 
relied  upon  for  duplication  of  the  principal  work  of  the  county  cor- 
respondents, for  comparison  and  verification,  and  neither  result  is 
autlioritative  as  against  tlie  other,  but  any  discrepancies  are  adjusted 
with  reference  to  consistency  and  probability.  Th6  State  system, 
though  useful  and  necessary,  especially  for  local  and  special  inves- 
tigation, has  as  many  separate  heads  as  there  are  States,  possessing 
different  degrees  of  efficiency  and  value  in  experience,  ana  therefor^ 
lacks  unity  and  equality  in  accuracy.  The  Statistician  consequently 
finds  the  regular  corps  of  reporters  an  invaluable  resource  as  a  bal- 
ance-wheel. It  is  found  that  the  agents  of  greatest  skill  and  expe- 
rience agree  more  closely  with  our  direct  returns  than  do  those  of 
less  experience.  Even  if  there  were  but  one  system  of  returns,  that 
of  State  agents  and  their  correspondents,  their  work  would  be  so 
various  in  mode  and  result  as  to  be  unequal  and  chaotic,  without  the 
direction,  revision,  and  control  of  one  central  head.  There  may  be 
forty  local  assistants,  but  not  forty  independent  statisticians. 

The  pu])lic  interested  in  crop  reporting  should  not  forget  that  a 
census  of  production  can  not  be  made  in  advance  of  growth  and  har- 
vest. Neither  can  the  perfect  work  of  a  complete  census  be  obtained 
after  harvest  by  local  estimates  of  the  best  authorities.  Many  seem 
to  think,  in  solemn  verity,  that  estimates  after  careful  observation, 
even  guesses  after  casual  glances  at  the  crop  area,  may  equal  a  thor- 
ough enumeration.  They  may  have  been  led  into  this  confident  er- 
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ror  by  seeing  several  instances  of  our  estimates  of  cotton  and  other 
products  that  have  tallied  almost  exactly  with  subsequent  count; 
nevertheless,  entire  accuracy  by  estimate  can  not  be  depended  on. 

What,  then?  Shall  we  have  no  check,  by  reasonable  approxima- 
tions, to  the  wild  and  baseless  statements  of  persons  interested  in 
temporarily  putting  down  and  putting  up  prices?  Men  of  this  class, 
whose  audacity  equals  their  cupidity,  write  to  the  Department  plainly 
expressing  a  desire  that  there  may  oe  no  official  returns  or  estimates. 
They  are  willing  to  spend  money  to  get  the  best  idea  of  future  har- 
vests that  they  can,  by  crude  individual  effort,  but  deprecate  the  col- 
lection of  more  accurate  information,  or  any  wliatever,  for  the  farmer, 
the  consumer,  and  the  carrier  and  forwarder.  But  the  work  will  not 
cease  and  determine  at  the  behest  of  this  class  of  speculators. 

Shall  correspondents  be  paid?  The  idea  has  been  frequently  sug- 
gested, and  the  work  is  of  sufficient  importance  to  warrant  a  gener- 
ous outlay.  The  unpaid  service,  for  utility  and  practical  value,  pos- 
sibly outranks  other  lines  of  expenditure  which  have  amountea  to 
many  millions  in  recent  years.  Suppose  $100  per  annum  should  be 
allotied  to  each  county  reported  by  our  regular  staff.  It  would  be  a 
paltry  compensation  for  good  service  for  twelve,  months,  for  one  per- 
son, and  more  insignificant  for  four,  but  this  would  cost  $233,000. 
It  is  earned  and  would  be  cheap  for  the  service  rendered.  There  is 
an  objection,  also,  that  may  or  may  not  be  valid.  It  is  ceriain  that 
there  would  be  a  scramble  for  the  hundred  dollars,  under  this  plan, 
and  almost  equally  certain  that  a  most  incompetent  and  self-seeking 
individual  would  secure  influential  indorsement,  and  render  the  re- 
sponsibility of  appointment  a  difficult  and  thankless  burden,  and  the 
result  in  many  instances,  however  careful  and  honest  the  effort,  an 
inferior  and  unprofitable  selection.  The  present  plan  is  to  obtain  the 
services  of  the  most  observant  farmer  of  the  best  judgment,  of  great- 
est promptness,  who  is  willing  to  serve  in  a  great  corps  of  agricultu- 
ral educators  for  the  public  good,  and  the  especial  illumination  of 
the  district  which  he  represents.  The  best  is  none  too  good,  and 
whatever  the  politics,  religion,  age,  sex,  or  condition  of  one  clearly 
entitled  to  this  distinction,  that  person  is  the  one,  and  the  only  one, 
that  is  wanted  for  county  correspondent. 


CURRENT  CROP  STATISTICS. 

The  year  has  not  been  exempt  from  cliecks  to  production,  floods, 
bliglits,  and  insect  depredaticms.  It  has  not  produced  an  extraordi- 
nary development  in  any  of  the  growths  of  the  year.  Some  products 
are  in  medium  volume,  others  slightly  below;  yet  there  is  no  failure 
in  any  line  of  production.  There  has  been  as  much  exemption  from 
continued  high  temperature,  with  deficient  rain-fall,  as  could  be  ex- 

gected  in  a  domain  so  broad  and  various  in  its  meteorological  in- 
uences. 

The  drought  of  1887,  it  is  believed,  increased  the  production  of  the 
present  year  by  bringing  near  the  surface  from  the  lower  sti'atum 
of  tlie  soil  fertilizing  elements  not  otherwise  available.  The  long- 
continued  evaporation  incident  to  a  dry  season  facilitates  aeration 
and  deepens  its  sphere  of  operation.  The  production  of  the  year  has 
undoubtedly  been  benefited  by  this  cause. 

The  rain-fall  of  1888  is  quite  in  contrast  with  the  precipitation  of 
1887.    It  was  deficient  almost  everywhere  in  that  season  or  drought. 
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and  has  this  year  been  above  normal  in  New  England,  Middle  At- 

lanti<;  and  Gulf  coast  districts,  nearly  normal  in  the  Ohio  Valley  and 
Tennessee,  with  a  slight  deficiency  in  the  great  region  west  of  the 
Missouri  t^  the  Pacific  coast,  and  a  greater  deficiency  in  the  lake  re- 
gions and  in  the  South  Atlantic  States,  the  rain-fall  being  less  than 
in  1««7  by  2.02  inches  in  the  cotton  district.  The  comparison,  from 
signal-service  records,  is  as  follows: 
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The  contrast  in  the  record  of  the  two  years  in  the  western  Gulf  dis- 
trict is  vcrv  great.  The  rain-fall  was  5,69  inches  less  than  normal 
in  1897  ana  i.91  above  in  1888.  It  is  the  highest  record  except  that 
of  the  eastern  Gulf  States,  and  falls  short  of  that  only  6,07  inches. 
The  average  of  all  districts  makes  the  rain-fall  of  the  year  less  than 
normal  by  a  very  slight  deficiency. 

Average  rain-fall  by  districts. 
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The  temperature  of  the  growing  season  has  been  below  the  nor- 
mal. In  April  it  waa  slightly  above  in  the  South  Atlantic,  Gulf, 
Ohio  Valley,  Miasouri  Valley,  and  Pacific  coast  districts;  in  Mav, 
everywhere  below  except  on  the  North  Pacific  coast;  in  June,  only 
in  the  Middle  Atlantic,  Ohio  Valley,  Lake  regions,  and  North  Pacific 
coast;  in  July,  below  normal  everywhere  east  of  the  Missoiiri;  in 
August,  deficient  in  every  district  except  the  Pacific  coast;  and  in 
September  the  extreme  Northwest  and  the  Pacific  coast  are  the  only 
exceptions. 

Average  temperature  bg  districU. 
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The  following  table  makes  a  statement  of  temperature,  in  connec- 
tion with  rain-fall,  showing  the  departure  from  the  normal. 
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The  amount  of  heat  required  to  ripen  different  crops  is  an  impor- 
tant question  in  practical  agricultural  meteorology.  The  first  requi- 
site for  its  study  is  a  record  of  the  effective  daily  and  monthly  aggre- 
gates of  heat.  While  it  would  doubtless  account  measurably  for 
differences  in  yield  of  such  crops  as  corn  or  cotton,  which  require 
mure  heat  than  many  others,  its  proper  distribution  through  the  sea- 
son would  probably  modify  the  result,  and  other  meteorological  con- 
ditions would  also  require  consideration. 

CROPS  OF  THE  YEAR. 

The  increase  of  population  requires  annually  larger  crops.  The 
area  devoted  to  cereals  has  been  enlarged  by  a  considerable  extension 
of  the  crops  of  corn  and  oats.  The  other  cereals  are  almost  exclu- 
sively used  as  human  food,  the  demand  for  which  is  uniform.  Corn 
and  oats  are  mainly  used  in  feeding  of  animals  for  milk  and  meat 
and  motive  power,  enjoying  a  vastly  more  elastic  demand  and  having 
a  widely  extended  range  of  uses.  The  result  of  increase  of  area,  with 
a  medium  rate  of  yield,  is  a  larger  aggregate  product  of  cereals  than 
has  ever  before  been  recorded.  It  wm  amount  to  about  3,200,000,000 
bushels,  or  about  51  bushels  per  head.  This  is  about  three  times  the 
average  supply  per  capita  or  Europe  from  home  production,  which 
is  supplemented  by  receipts  from  otlier  continents  amounting  to  only 
about  one  bushel  per  heaa.  So  nearly  is  Europe  self-supporting.  So 
liberal  are  the  supplies  of  the  United  States.  So  hopeless  is  the 
expectation  greatly  to  enlarge  permanently  our  volume  of  exports. 
Rice  is  a  minor  cereal  of  local  importance;  the  present  crop  is  not 
very  large. 

l^ext  to  cereals  in  importance  of  production  for  food  supply  are  po- 
tatoes. The  unthinking  public  jumped  to  the  conclusion  tnat  reduc- 
tion of  yield  in  recent  years,  the  last  especially,  foreboded  a  perma- 
nent scarcity,  either  from  loss  of  vitality  in  the  stock  or  degeneracy 
of  the  soil.  The  present  crop  is  a  large  one,  the  aggregate  coming 
well  up  towards  200,000,000  bushels.  The  sweet-potato  crop,  which 
is  also  a  very  valuable  food  product,  has  been  a  good  one,  especially 
in  the  more  southern  tier  of  States.  The  crop  was  less  abundant  in 
Virginia,  North  Carolina,  and  Kentucky.  It  is  not  closely  estimated, 
but  doubtless  exceeds  40,000,000  bushels. 

The  season  has  not  been  favorable  to  cane  sugar,  and  production  is 
limited  in  consequence.  Sugar  planters  are  now  considering  with 
interest  the  evolution  in  sugar  making  promised  by  the  diffusion  pro- 
cess. Hitherto  the  business  has  illustrated  conspicuously  the  wastes 
of  American  agriculture,  as  scarcely  more  than  half  of  the  saccha- 
rine contents  of  the  plant  has  been  obtained  during  a  century  of  de- 
velopment of  the  industry. 

The  cane  crop  of  1888  has  not  been  a  §ood  one.  The  stubble  espe- 
cially is  small  and  cracked,  and  the  yield  has  not  been  very  satisfac- 
tory. It  is  believed  that  the  ultimate  record  of  production  will  be 
materially  less  than  for  the  season  of  1887-'88,  when  the  productwas 
285,158  hogsheads,  weighing  353,855,877  pounds  net,  the  largest  crop 
since  18G1,  which  was  459,419  hogsheads.  The  crops  of  1852,  1853, 
1854,  and  1858  were  also  larger.  The  product  of  molasses  was 
21,980,241  gallons. 

The  sorghum  crop  varies  in  different  sections,  but  may  be  con- 
sidered a  medium  crop.     It  is  a  valuable  resource  for  sirup  for  local 
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use,  supplementing  the  supply,  tliough  little  used  in  cities.  It  has 
not  yet  paid  its  way  as  a  sugar  plant,  no  factories  having  so  far 
proved  self-sustaining  without  Government  aid.  A  hopeful  feeling 
IS  prevalent  that,  through  diffusion  and  other  aids  to  manufacture, 
its  ultimate  success  will  be  assured. 

Beet  sugar  is  apparently  on  the  eve  of  extensive  production  in 
California,  if  the  enterprise  of  Claus  Spreckels  is  as  successful  as  it 
is  represented.  One  factory,  that  at  Alvarado,  has  been  in  successful 
operation  there  for  a  dozen  years,  though  it  did  not  run  last  year 
on  account  of  destruction  of  machinery  by  an  explosion. 

The  abundant  moisture  of  the  season  has  been  favorable  to  hay, 
and  the  moderate  temperature  of  spring  was  also  conducive  to  heavy 
growth,  and  the  crop  is  therefore  a  large  one. 

The  cotton  crop  is  one  of  medium  yield,  with  increased  acreage. 
The  crop  was  later  in  development  than  that  of  1887,  and  the  grow- 
ing season  was  shorter.  Condition,  in  October,  however,  was  quite 
as  nigh  as  in  October  of  1887.  Notwithstanding  the  large  supply  of 
the  past  two  years  the  demand  is  quite  as  strong  as  a  year  ago,  the 
average  export  price  in  December  being  10.01  cents,  against  9.80 
cents  m  December  of  1887. 

The  season  has  been  favorable  for  vegetables,  and  a  large  and 
cheap  supply  is  found  in  the  markets.  ^ 

Finiits  nave  been  fairly  abundant,  though  variable  in  production 
locally.  It  is  the  "even  year,"  and  api^les  are  plenty  for  domestic 
use,  while  their  cheapness  has  favoreu  exportation. 

The  wool  clip  of  1888  was  slightly  reduced,  in  consequence  of  the 
reduction  of  flocks  in  Texas  and  elaewhere.  The  estimated  product 
is  205,000,000  pounds. 

The  meat  supply  has  been  very  abundant,  and  the  i>rice  on  the 
hoof  too  low  in  the  Western  markets  and  too  high  in  the  retail 
markets  of  the  East.  The  middlemen  get  too  large  a  slice  of  the 
profits,  and  the  farmer  accepts  either  a  small  profit  or  a  slight  loss. 

It  has  been,  on  the  w^hole,  a  fairly  prolific  and  prosperous  season 
for  American  agriculture. 

CORN. 

The  area  of  maize,  as  estimated  for  the  crop  of  1888,  makes  an  in- 
crease of  8,280,043  acres  over  the  crop  of  1887,  and  13,304,259  acres 
over  the  census  crop  of  1879;  indicating  a  gain  of  21  per  cent,  in  nine 
years.  It  is  not  believed  that  this  is  an  overestimate.  The  constant 
tendency  of  local  estimators  to  understate  the  area  of  crops  has  been 
combated  from  year  to  year  with  caution  and  conservatism,  and  yet 
it  is  possible  that  the  above  estimate  may  be  found  too  low.  It  is 
certain  that  it  is  not  equal  to  the  increase  of  population,  which  must 
be  about  20  per  cent.  While  it  is  scarcely  expected  that  the  area  in 
cereals  will  keep  pace  with  population,  the  home  demand  for  corn  is 
so  various  and  imperative  that  the  relative  decline  should  not  be 
very  hcav3^  The  estimate  for  1888  is  75,072,703  acres;  an  area  more 
than  three-fourths  as  large  as  the  combined  areas  in  wheat  of  all  the 
countries  of  Europe,  and  nearly  twice  as  large  as  the  acreage  in 
maize  in  all  the  other  countries  of  Europe  and  America. 

The  planting  Avas  late  on  the  Atlantic  slope,  delayed  by  too  much 
moisture  in  th(^  soil  and  by  low  temperature.  Similar  conditions, 
less  general  and  injurious,  prevailed  tlirough  the  Central  Sta.tes.  In 
portions  of  Texas  there  was  delay  in  planting  from  excessive  rains. 
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Irregular  precipitation  (drought  followed  by  exceag  of  moistun)  af- 
fected planting  and  growth  in  some  sections  of  Louisiana.  As  a 
rule,  however,  conditions  favorable  to  seeding  and  development  were 
general  on  the  Gulf  coast. 

The  averages  of  condition  for  the  wl^ole  cotintry  illustrate  the 
marked  differences  which  appear  in  the  records  of  the  past  two  years. 
They  are  as  follows: 


Tears. 


1887 
186B 


Jtaljr. 


87.7 
86.0 


Aufint. 


80.5 
8B.6 


SepfeamlMr. 


78.8 
M.1 


OelolMr. 


n.6 

8110 


V 

Moderately  favorable  conditions  have  prevailed  through  the  year. 
Late  planting  and  a  comparatively  cool  season  preventedunuBual  de- 
velopment and  a  high  rate  of  yield.  The  result  is  36.8  bushek  per 
acre,  26  being  an  average.  The  crop  of  the  previous  year  started  mH 
better,  but  encountered,  during  July  the  commencement  of  one  of  the 
worflt  periods  of  drought  which  have  ever  scourfl;ed  the  central  com* 
growing  States,  continuing  through  August,  ana  practically  through 
tne  season. 

The  differences  in  figures  of  condition  in  the  oom-surplus  States  are 
still  more  striking : 


states. 


Ohio 

Indiana . . 
Illinois . . . 

Iowa 

Missouri  . 
Kansas... 
Nebraska 


July. 

Aufint. 

Soptooibw* 

OoOOMV. 

1887. 

1888. 
88 

1867. 

1888. 

1887. 

1 

80 

1867. 

88 

88 

88 

88 

& 

86 

88 

08 

64 

80 

61 

80 

S 

88 

88 

86 

86 

97 

88 

60 

00 

88 

80 

88 

78 

80 

78 

86 

00 

81 

80 

U 

67 

8i 

TO 

>  86 

100 

80 

80 

8 

48 

80 

45 

S 

100 

01 

78 

78 

87 

m 

These  States,  so  much  worse  in  condition  of  com  than  other 
parts  of  the  country  in  1887,  are  decidedly  better  than  other  States 
m  1888,  occupying  extreme  positions  in  this  reqpeot  during  both  sea- 
sons, except  in  July  of  1887.    The  difference  in  product,  at  estimated, 

is  as  follows  : 


states. 

1887. 

wm. 

Stftfeat. 

1887. 

1886. 

Ohio 

Indiana 

78,797,000 

71.400,000 

141,080»000 

188.508.000 

08,018,000 
188,478,000 
978,080,000 
878,986,000 
906,688,000 

TTfiliiriitii * 

9«»iS.O0O 

96;uo,ooo 

»»» 

lUiiiois 

Iowa 

SttrphMCNNii  fltelM 
United  Stttl66 

780(488,000 

Iti78,t74»0e0 

Misaouri         

140,940.000 

],4B6»  161,000 

1,887,760^000 

In  1887  the  proportion  produced  in  these  Central  States  was  54.per 
cent.,  while  in  1888  the  proportion  was  64  per  cent.,  nearly  tmce 
as  much  in  seven  States  as  in  thirty-one  mates  and  all  the  Ter> 

ritories. 
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The  estimates  of  tlie  crop  of  1883  are  as  follows  : 


South  C3arollna , . . 


11)8,186, 000 
4,'SHilX» 


$447,000 

1, Sin!  MO 


The  home  consumption  varies  greatly  with  the  product,  being 
affected  by  price.  It  was  reduced  last  year  from  relative  scarcity 
and  high  price.  Since  1879  the  average  consumption  has  averaged 
alwut  ^7  bushels  per  annum  for  each  unit  of  population;  for  ten 
years  preceding,  25  bushels.  There  will  be  a  supply  for  the  current 
year,  beyond  the  probable  foreign  demand,  of  30  bushels  per  capita. 

The  average  production  for  ten  years,  1870  to  1879  inclusive,  was 
1,184,486,954  bushels;  of  the  nine  years  of  the  present  decade, 
1,057,948,726  bushels,  an  increase  of  40  per  cent.  Deducting  fig,  077, 828 
bushels  per  annum  exported  in  the  former  period,  and  51,293,327 
busfiels  per  annum  iu  the  latter,  the  average  quantities  left  for  con- 
sumption are  respectively  1,139,409,136  and  l,0OG,65G,399  bushels,  an 
increase  of  43  per  cent.,  whicli  is  much  greater  than  the  increase  of 

Eopulation.  The  decrease  is  doubtless  onlv  a  temporary  difference 
etween  the  unusual  requirements  for  feeding  material  in  Western 
Europe,  between  1876  and  1880,  and  the  somewhat  reduced  demand 
under  more  normal  conditions  of  agricultural  production  in  later 
years.  There  appears  to  be  no  great  probability  of  heavy  exporta- 
tion in  the  immediate  future. 

The  average  value  of  com  for  nine  years  has  been  40.8  cents  per 
bushel,  against  43.G  cents  for  the  ten  years  pi-eceding.  That  this 
decrease  in  average  value  is  so  slight,  with  an  enlarged  per  capita 
supply,  is  due  to  tUe  increased  use  of  com  for  the  various  products 
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into  which  it  enters.  Tlie  average  yield  \)ei  acre,  23. 8  bushels  instead 
of  27.1  bushels,  is  emphatically  not  the  result  of  soil  deterioration, 
lint  of  a  series  of  crop  reductions  from  meteorological  causes,  produc- 
iiiff  great  variation  annually,  with  only  three  of  the  nine  above  an 
average,  that  of  1887  being  20.1  bushels,  and  that  of  1888  being  2(5.3 
bushels.  The  average  value  of  an  acre  of  com  is  made  $0.71,  against 
SI  1.54  for  the  former  period.  The  reduction  in  value  comes  from  a 
reduced  rate  of  yield  and  a  lower  price.  The  following  table  gives 
the  area,  product,  and  value  of  all  crops  since  1879: 


v.. 

Totnlpnxluc- 

Total  area 

ToUU  value  of 
crop. 

ss 

j-leU^r 

'^ip 

i:iS:S:S 

1.«1,«1B.BBS 

i:i:is 

i.«e.ioi,pi» 
i.i«-,™),o(» 

4^M 
HI8.801.tW 

efl,eB3,TW 
■r8,3fla.tso 

|ST9.n4,4» 
7W.4«f.l7IJ 
788^897  13 

oaa.ooi.486 

OtO.736.lH30 

ess.  574.  o» 
oio! loalrro 

STT.SSI.UO 

o&e 

48.4 

11 

ae.s 

W.B 
S4.0 

j«:::::;;:::;::::::::::: 

'^■?s 

1^ 

s-s 

ii,oai,ss8,s» 

(er.ni.ws 

0.01II.B04.W0 

ADUuat  BTerttxe 

Annual  avernge  for  pre- 

l,(lS7,B48.7Ba 
1. 1  SI,  480,054 

cB.eTa.isG 

870, 853.  m4 

40.  H 

«.H 

B.71 

This  table  shows  the  fluctuation  and  increase  in  product,  and  places 
the  last  highest  in  the  record  of  volume,  though  the  rate  of  yield  is 
ouly  medium,  and  the  quality  somewhat  inferior.  The  exports  of 
corn  (including  corn  meal)  from  the  crop  of  1887  were  smaller  than 
in  any  other  year  since  1870,  being  only  2o,360,8G9  bushels. 

The  following  table  shows  the  proportion  of  each  crop  annually 
exported  since  18G9: 

Production  and  export  of  com. 


y^ 

Production. 

"*" 

'SS'- 

Years. 

"""■ 

-x?- 

JS5»> 
1H7T 

-HMftrl*. 

BBS.  071. 104 
!«i.7M,T4l! 

'nai.m.OM 
t.ow.riii.ooo 

933.  (74.  wo 

i:  ass:  8*?: SCO 

7.B3a.BUO 

4.sia,sLi: 

£S;S 

!».fta,o80 
ao,»io.BSS 

T^.OW.BII 
87.182,110 
B7,H84,HW 

Pircfnt. 

1»C 

IS 

BhA«I«. 

l.TM.Ml.BTB 
1.717.431.543 

1.9»,1-S,0I» 

l;SS:tS:ESS 

1.888.9™,  flOB 

w 

K 
4( 

a 

OTB.Sffl 

s»,eas 

(B9.8IT 
3M,084 

300. sea 
»a,a8g 

3.7 
8.S 

S.8 

The  extreme  range  of  annual  variation  of  volume  will  attract  the 
attention  of  the  reader — from  2,000,000  bushels  (in  round  numbers) 
to  100,000,000  bushels.  It  is  no  surprise  to  any  one  who  understands 
tiie  causes  affw^ting  the  movement.  The  great  controlling  factor  in 
pi-oducing  the  extremes  named  was  price,  which  was  in  the  fiscal 
year  1870,  92,5  cents  at  the  ports  of  shipment,  and  in  1880  it  was 
only  54.3  cents.     In  the  former  case  the  high  domestic  price  pre- 
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vented  exportation;  in  the  latter,  the  unprecedented  cheapness  of 
corn  greatly  increased  foreign  demand.  Its  sale  in  Europe  is  depend- , 
ent  on  its  relative  cheapness  as  a  feeding  material  for  animals.  The 
Liverpool  price  is  maae  in  America;  the  American  price  never  in 
Liverpool.  The  average  effect  of  3.8  per  cent,  of  foreign  demand 
would  naturally  increase  the  price  of  the  crop  a  fraction  over  one 
cent  per  bushel. 

WHEAT. 

The  estimate  of  wheat  area  makes  a  reduction  of  305,645  acres  from 
the  breadth  of  1887.  The  aggregate  is  37,336,138;  an  increase  of  only 
1,905,805  on  the  area  of  1879,  or  little  more  than  5  per  cent.  The 
exports  will  probably  be  less  than  those  of  1879-'80  by  at  least 
100,000,000  bushels;  a  quantity  more  than  ample  for  the  annual  sup- 
ply of  all  the  increase  of  population  since  1880.  Should  the  area  be 
advanced  in  similar  ratio  in  the  next  ten  years,  an  average  rate  of 
yield  would  barely  suffice  for  home  consumption.  The  area  will  cer- 
tainly increase  in  the  future,  but  not  rapidly,  unless  under  the  stim- 
ulus of  a  larger  foreign  demand  than  present  circumstances  con- 
trolling the  production  of  the  world  would  seem  to  warrant. 

The  winter-wheat  crop  had  a  very  unpromising  appearance  on  the 
Ist  of  April,  and  its  condition  averagea  82,  and  was  still  further  re- 
duced to  73.1  on  the  1st  of  l^iay,  indicating  a  status  quite  unfavor- 
able, and  a  probable  low  rate  of  yield.  The  seed  bed  was  generally 
very  dry  in  the  autumn  of  1887,  tne  soil  cloddy,  the  sowing  slow,  the 
germination  irregular,  the  growth  uneven,  and  the  plant  generally 
m  poor  condition  to  endure  the  ordinary  vicissitudes  of  winter.  As 
the  season  wore  on,  under  more  favorable  meteorological  conditions, 
improvement  was  noted;  and  though  the  development  of  straw  was 
interior,  the  grain  yielded  more  in  thrashing  than  was  expected,  so 
that  the  final  average  was  11.6  bushels  per  acre,  when  11  bushels 
would  have  been  deemed  a  good  outcome  at  any  time  during  the 
spring.  The  condition  of  winter  wheat,  contrasted  with  that  of  the 
crop  of  1887,  is  as  follows: 


Years. 

• 

April. 

May. 

85.8 
73.1 

June. 

July. 

Sept.* 

1887 

88.1 
8Si.O 

84.9 
73.8 

83.5 
75.6 

84.0 

1888 

77.4 

•  Condition  when  harvested. 

The  weather  of  April,  instead  of  improving  the  condition  of  wheat, 
gave  it  a  worse  appearance,  which  naturally  depressed  the  local 
estimates.  It  is  evident  that  the  roots  had  more  vitality  than  the 
stunted  and  discolored  plants  indicated,  rendering  possible  a  slight 
recuperation,  and  to  that  extent  agreeably  disappointing  the  hopes 
of  the  growers. 

The  condition  of  spring  wheat  through  Juno  and  July  was  better 
in  1888  than  in  the  previous  year.  It  suffered  serious  injury  early  in 
August,  as  illustrated  by  the  following  averages: 


Years. 


1887. 
1888. 


June. 


July. 


8r.3 
00.8 


79.8 
05.0 


August.    I  Septembo*. 


78.8 
87.8 


78.1 
77.2 
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It  is  Been  that  the  decline  commenced  in  July.  The  chinch-bng 
was  in  strong  force  in  many  counties  in  WisconBiu,  Iowa,  and  Ne- 
braska, doing  no  little  damage.  Local  dronghts,  storms  of  rain  in 
other  localities,  blights,  rusts,  and  the  army  Torm,  were  responsible 
each  for  a  share  in  the  reduction  of  condition.  The  weather  of  Au- 
gust was  rery  nnfaTorable,  oaunng  shriTelinff  and  blight,  early 
frosts  devastating  some  portions  of  tnevalleysof  theBed  and  Jamea 
Bivers,  and  insects  in  limited  areas  aBslated  in  reducing  the  rate  of 
yield.  The  damage  was  not  overstated;  the  retoms  of  yield  per  acre 
gave  even  lower  results  than  the  forecast  of  the  September  returns, 
due  measurably  to  injury  to  wheat  after  harveBt  between  cutting  and 
thrashing. 

The  estimates  of  wheat  are  in  detail  as  follows: 


Stales  and  TerritorlM. 


B,tM.W 
l.TW.DO 
]8,80».m 


l»,T(»,01» 
M,>M8.0IM 

iM.an),wi>i 


>M,S7B 

333,  sn 
I, ail, DM 


The  average  supply  per  man  is  nearly  a  bushel  more;  iu  the 

E resent  period  than  tor  the  preceding  decade.  The  decline  in  prioe 
as  beou  nearly  i^Oper  cent.  The  average  rate  of  yield  is  very  nearly 
tlie  same,  and  diners  little  in  different  periods  of  several  yean, 
thougli  fluctuating  annually  between  10  and  11  bushels  per  acre. 
The  value  per  acre  nasof  course  materially  declined,  fnunllStotlOiOS 
per  acre.  There  is  no  increase  in  the  area  in  eight  years,  as  estimated, 
though  the  area  in  1S84:  rose  to  the  highest  jpomt  during  the  pniod, 
and  fell  to  the  lowest  the  following  year.  The  oomparison  is  as  fol- 
lows: 
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Yean. 

Totalproduc- 

'«,T 

'"IS!""' 

ATera«e  1  Xrerage    ATcngc 
viJuB  per  yield  pm-vuliie  par 
bu»hel.        oc«.          wre. 

1880 

III 

11 

}4T4,301.S») 
456,Bl»,4S; 

s30,»ua,aKi 
irr»,sao,3i» 

siu>i£[Ha 
aar.,3i8,oa) 

c™tl.      BuihrU. 

■II  li 

*\n 

oa!" 

08.1 

ISil 

4.000,308,088 

aa4,6(rr.7B0 

a.a7s,(ios.ss4 

445,101,8*! 

BiE,ias,rs8 

!T,1H6,3OT 

jr6,0W,CB? 

81.8 
101. 9 

1S.0 

"SS.'.SK"-'™. 

:B.0O 

There  appears  to  be  a  further  increase  of  the  area  of  oats,  amount- 
ing to  1,077,376  acres,  and  about  42,000,000  bushels  increase  in  the 
quantity  pixxluced.  The  yield  per  acre  is  30  bushels,  against  26.4 
bushels  in  1887.  The  price  has  declined,  as  was  inevitable  in  a  year 
of  so  large  a  product  of  maize.  The  value,  however,  is  quite  well  sus- 
tained, being  37.8  cents  per  bushel  against  30.4  cents  per  bushel  in 
December  of  1887.     The  estimates  by  States  are  as  follows: 


BtAtsB  and  Ttrrltories. 

BllrtplK, 

a™. 

Vahie. 

M»ln» 

li,BM.O0O 

'■s5 

174.0m 
i,oiu,ooo 

a.miim 

8,108,000 
6,078.000 
8,;73,(100 
T.IIB.OCO 

4,o«,ooo 

405,000 

"■''*' SSo 

8!4M!ooa 
83,aiB.ooo 

lariiooioou 
4a,T(M,ooi) 

4SMO00O 
07,090,000 

ss 

^flai.000 

11 
'■ii 

119.070 
OM.I^ 

305.  M! 

Sii 

145,051 

111 

i-s-s 
■'li 

•'■JS-S 

'■s^:^ 

403,000 

tl.IMG.340 

757.080 

!,  30(1, 380 

ias,7G0 

4.»O,40O 

t™^™^^ 

3,wB.Baa 

^^^ 

I1S« 

'■as 

898.680 

Colorado 

S4,J18, 000 

'ssa^ooo 

080,000 
3.014,000 

■bbIooo 

■■li 

IB.  007 
30,11110 
M,fl87 
3,S8U 

137,  aoQ 
W4.8I0 

■■■iiSS 

Totol 

roi,m,ooo 

M.aie.sBt 

l«e,  494.940 
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The  enlargement  of  area  and  increase  of  product  have  been  very 
large  since  1880.  There  is  little  diEEerence  m  rate  of  yield.  Price 
has  declined,  from  increase  of  production  hoth  of  com  and  oats. 
The  climate  is  not  well  suited  to  this  crop,  in  the  more  southern  lati- 
tudes, unless  grown  in  the  winter,  which  is  now  generally  the  case. 
This  grain  deteriorates  rapidly,  requiring  frequent  change  of  seed  to 
prevent  reduction  of  weight.  Yet  it  is  a  very  important  crop,  and 
its  cultivation  is  relatively  profitable. 

The  estimates  of  area,  yield,  and  value  are  as  follows: 


Yo»ra. 

Total  produc- 

v^r 

crop. 

'SF 

acre. 

»3S 

nri,30s..tiio 
eawoon 
esii.eis.roo 

]6.a31.«M 

aW.BW.TDO 
1«I.4»,S10 

""A 
11 

eria 

BHthtl: 

i=E::r 

S8 

6.00^.4^,390 

IBa,W)].43B 

1.839.883,111 

Annusl  ■verufi* 

AoDual  average  for  pn- 
cedlns  Kn  years 

5fls,air,MS 
314,  Ml,  ire 

Bi,a8»,wo 

11,078,  SH 

I8I.8TS.M1 

iti.ore.aM 

^3 

B.M 

This  country  uses  very  little  of  this  grain.  It  occupies  an  insig- 
nificant area,  and  does  not  increase  in  proportion  to  population.  It 
is  used  mainly  by  people  of  German  descent,  and  to  a  limited  extent 
in  the  Eastern  States  in  combination  with  maize.  It  is  scarcely  grown 
in  the  South,  and  but  little  in  the  West  and  on  the  Pacific  coast.  It 
is  neither  exported  nor  imported  in  quantities  worth  mentioning.  In 
the  South  the  crop  is  somewhat  extensively  grown  for  winter  pas- 
ture, and  whatever  grain  is  harvested  is  largely  used  as  seed.  The 
annual  course  of  production  is  thus  indicated: 


■ 

Yoat,, 

Total  pro- 

^^^ 

Total  TBiiw 

ATongB 

^^ 

^i? 

Hsi::;::::  ::::':::;::: 

ao.Tw.nso 

89,080,nS7 

»:mooo 

m!4«i;«» 

30,683.000 

3:1 

i:  111;  is 

S:gS 

Ctnti. 

1! 

st.o 
a'.a 

IS.'9 

11 

tlO.N 

1 

m::::.: ,;:;.:::.:::: 

Jw 

mB^f-SW 

I0.7M,908 

iw.Me,oo» 

Annual  av.-nwn 

codinBi™  years 

1S.460.99S 

S,0W,500 
1.805,061 

i5.Ee8.soo 

1».M5,1M 

**" 

14.1 

9.B1 

Of  this  f^rain  less  is  grown  than  is  consumed.     It  has  increased 
materially  in  breadth  and  product,  and  still  the  imports  have  in- 
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creased  in  quite  as  large  proportion.  It  gives  a  better  return  in 
value  per  acre  than  any  other  cereal.  Ab  in  tne  case  of  nearly  all  farm 
products  its  value  per  bushel  has  declined  in  recent  years.  The  rate 
of  yield  varies  annually,  but  averages  nearly  twice  as  much  as 
wheat.  The  following  record  shows  the  annual  acreage,  product, 
and  value  of  barley: 


yaara. 

«.,j™,„. 

*.n^ 

ToUWolueof 

AyoriRB 

"Sr 

Aieraw 
vsliio  po 

AuKek. 

t-B's 

£.803.907 

jflo.om.T'ia 

£9irTB;i70 
3I.»40.Bia 

a».4«,sTO 

fB,S 

Bmheb. 

ii 

"rn 

as 

1 

000 
ooa 

i» 

*H.aB.aM 

iO.SSB.t08 

S48.0BS.4B9 

s,*io,a» 

M,  885,003 

z 

.. 

1S.9 

iBdiiiK  »n  Teara 

M.rM 

™ 

The  importations  of  recent  years  are  as  follows: 

Yoara. 

Bushels. 

Value, 

Years. 

Biuheli. 

1S,18S.K» 
10.000,887 

csooiiia 

!!:g!;!l) 

V.iUB. 

IS 

s 
s 

''?:?S?:S 

*3 

101 
403 

ess 

ill 

fKT '.'.'.'.'.'.. '.'.'.'.".'.'.'.'.'. 

ToUl 

]90,88t,lM 

1IS,I08,(MB 

Annual  BveraKB 

7,M,(H9 

s,soi,gu 

BUCKWHEAT. 

This  grain  has  the  smallest  area  of  all  the  cereals.  About  two-thirds 
of  the  crop  is  the  product  of  two  States,  New  York  and  Pennsylvania. 
It  is  mostly  used  m  adjacent  cities.  It  is  only  grown  experimentally 
in  the  South,  and  in  an  extremely  limited  way  in  the  West. 

The  record  is  as  follows  ; 


Ym«. 

ductlon. 
BhiIifU. 
n.nio.BBB 

u.wj.noD 

1D,RW:<1U0 

-r^r 

It  c^"" 

'xSB 

,ap 

ncro. 

Bi4:.im 

"(1,306.700 
8,MS,«83 

66:0 
solo 

BuihrU. 
17.7 

ii;b 

tia.6S 

ft!!::::;:::;;;:::;:::::: 

^ 

T.» 

ai.s4T.ois 

B.BTS.SM 

57.4iM,BB8 

AniKial  avFracra  for  pra- 
ceding  wn  year. 

n.iM,S80 

0,7fi-.»7I 

B7S,3S7 
661. 101 

7,178,101 
6,9T»,0:4 

71.6 

17,? 

a.  St 
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ALL  CEREALS. 


g 


111  this  aggregate  are  included  only  the  six  cereals  reported  in  the 
pi'Gceding  pages.  Rice  lias  not  hitherto  been  included  m  these  state- 
ments, and  will  he  separately  mentioned.  The  supply  for  the  pre- 
vious decade  averaged  43  bushels  per  head  of  population.  In  the 
period  since  1S7S)  the  average  has  increased  to  48  bushels,  which  is 
about  three  times  the  per  cai)ita  consumption  of  Europe.  It  is 
-iroper  to  say  that  roots  of  various  kinds  are  far  less  extensively  used 
lere  than  in  Europe,  and  that  corn  enters  far  more  generally  into 
the  rations  of  feeding  animals  in  the  absence  of  turnips,  beets,  and 
other  vegetables.  This  is  the  result  of  climatic  differences.  It  is 
nevertheless  true  that  cerealsare  produced  here  in  unparalleled  abun- 
dance, and  are  fed  pi-ofusely,  even  wastefuUy,  in  consequence.  The 
average  annual  value  of  all  cereals  has  increased  from  $987,857,142  to 
$1,284, 477, 973,  and  would  make  a  much  larj[er  figure  but  for  their 
reduction  in  i)rice  per  bushel.  They  constitute  a  very  impoi'taut 
part  of  the  products  of  American  agriculture.  The  summary  aggre- 
gate of  these  six  cereals  is  as  follows: 


Calendwyeare. 

""iff- 

Total  area  of 
crops. 

111,8BB,6M 

ToM  viUuo 

BiuieU. 

a,7i8.ins,ooi 

i.ZZS 

1:^i:^:i^ 

i,iw.sii,aa) 

i',sM,w)',m 

ai,ai,«oi.efie 

1,067.  BM,M« 

10.  are,  883.  res 

a,TCI8,0»l.«T 

i.srs,  093,780 

'i:.£!;3 

Annual  ftvcra^  tor  preoeding  (en  years 

"887,867,  ItJ 

The  season  of  18S8  was  more  favorable  for  potatoes  than  any  since 
1884,  when  a  heavy  crop  was  produced.  Three  poor  years  have  been 
succeeded  by  a  fairly  good  season,  and  the  general  yield  per  acre, 
while  not  the  largest  known,  is  large  enough  to  effectually  show 
that  neither  the  crop,  the  seed,  nor  the  soil  is  running  out  in  this 
country,  as  some  liave  contended.  Local  droughts  and  other  un- 
favorable meteorological  conditions,  which  so  seriously  shortened 
the  crops  of  issfi  and  1 887,  wrought  little  injury,  and  though  growth 
was  iit  no  time  unusually  luxuriant  or  condition  very  high,  it  was 
remarkably  even  from  the  first  to  the  last  report,  with  a  resulting  me- 
dium yield  of  good  quality.  The  range  in  reported  condition  was  un- 
usually small.  Starting  in  with  !J5.7  m  July,  a  figure  lower  than  the 
avrr!ij;i!  at  tliat  date  for  a  series  of  years,  the  decline  was  slight  and 
regular  eiK-h  month  till  October,  the  last  report,  when  it  stood  at 
f^ii.s.  Ji  falling  off  of  about  nine  points  during  the  whole  season. 
Till'  liiss  iluring  the  sanie  perio<i  in  1887  was  three  times  as  large. 

Tlio  July  repcu't  indicatotlan  increase  in  the  acreage  of  nearly  6 
pcrr'!iit,.oi'  110,nu(lacres,thetotal  area  being  approximately  2,400,iXK) 
acres.  This  incrcnieiit  was  distributed  overthe  whole  country,  only 
two  8tates  failing  to  record  a  part  of  it.  It  was  heaviest  of  course 
in  the  newer  States  of  the  West,  where  population  ia  r&pidly  increas- 
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ing  from  emigration,  but  it  was  also  marked  in  the  South  Atli 
and  Gulf  States  and  in  portions  of  the  Ohio  Valley.  The  ret 
of  yield  per  acre,  when  consolidated,  make  an  average  for  the  w 
country  of  slightly  above  79  bushels,  indicating  a  crop  of  nol 
from  196,000,000  bushels.  The  acreage,  average  yield  per  acre, 
total  product  for  eight  years  past  are  thus  shown: 


Calendar  years. 


1880 

1881 

1882 

1888 

1884 

1885 

1886 

18W 

Total 

Annual  average 

Annual  average  for  pre 
ceding  ten  years 


Total  pro- 
duction. 


Bushels. 
167,659,570 
109,145,494 
170,972,508 
208,164,425 
190,642,000 
175,029,000 
168,051,000 
194,103,000 


1,823,766,997 


165,470,875 
182,887,175 


Total  area 
of  crop. 


Acres. 

1,842,510 

2.041,670 

2,171,686 

2,289,275 

2,220,980 

2,265,823 

2,287,136 

2,357,822 


17,476,152 


2,184,544 
1,514,045 


Total  value 
of  crop. 


$81,062,214 
99,201,341 
95,804,844 
87,849.991 
75,524,290 
78,158,408 
78,441,  &40 
91,506,740 


687,134.763 


85,891,845 
74,653,771 


Average 

value  per 

bushel. 


Cents. 
48.3 
90.9 
55.7 
42.2 
89.6 
44.7 
46.7 
68.2 


Average 

yield  per 

acre. 


Bushels. 
91.0 
fit.  5 
78.7 
01.0 
85.8 
77.2 
78.6 
56.0 


51.0 
56.2 


76.7 
87.7 


An 

vali 

yiel< 

84 


TOBACCO. 

The  tobacco  crop  of  1888  (^which  has  not  yet  gone  to  marke 
larger  than  that  or  the  preceding  one,  which  was  one  of  the  sma 
grown  for  many  years.  The  October  average,  the  last  monthl; 
port  of  condition,  was  85.7,  against  73.8  in  1887.  The  acreage 
was  larger,  from  the  stimulus  of  high  prices  caused  by  the 
vious  concerted  effort  towards  reduction  generally,  and  especial 
the  Western  acreage.  There  was  a  reduction  in  condition,  ai 
ported  in  October,  for  three  successive  years  following  1884,  \ 
the  average  was  90. 

The  record  of  eight  previous  years,  since  the  crop  reported  ir 
National  Census,  of  area,  product,  and  value,  as  estimated,  is  as 
lows : 


i      I 


Calendar  years. 


1880 

1881 

1882 

1883 

1884 

1885 

1886    

1887 

Total 

Annual  average 

Annual  averafje  for  pre- 
ceding ten  years 


Total  pro- 
duction. 


Pounds. 
460,000,000 
450,880,014 
518,077,558 
451,545.641 
541,504,000 
562,786,000 
582,537,000 
886,240,000 


3,896,520,218 


487,315,027 
464,920,000 


Total  area 
of  crop. 


Acres. 
610,000 
646,230 
671,522 
688,789 
724,668 
752,520 
750,210 
598,620 


6,392,518 


674,065 
629,944 


Total  value 
of  crop. 


|;39,100,000 
43,872,000 
43,180,951 
40,455,862 
44,160,151 
43,265,596 
39,468,218 
40,977,250 


333,068,589 


41,748,567 
39,770,600 


Average 

value  per 

pound. 


Cents. 
8.5 
9.6 
8.4 
9.0 
8.2 
7.7 
7.4 
10.0 


8.6 
8.6 


Average 

yield  per 

acre. 


Pounds. 
754.1 
697.7 
764.1 
706.9 
747.2 
747.8 
709.9 
645.2 


722.0 
788.0 


Avi 

vah 

yieh 

ac 


HAY. 


The  hay  crop  of  1888  was  abundant  in  quantity  and  of  medium  q 
ity.    It  was  much  larger  than  that  of  1887.    The  yield  was  good  ii 
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Atlantic  States,  except  that  in  some  counties  in  New  York  it  was 
reducod  by  drou<i:]it,  and  in  parts  of  Virginia  it  was  injured  by  rains 
after  cutting.  In  Kentucky  and  Tennessee  the  crop  was  injured  by 
drouglit.  Elsewhere  the  yield  was  medium  to  large.  In  the  South 
there  was  a  large  increase  of  area,  and  a  promise  of  rapid  enlarge- 
ment in  the  future.  There  is  a  decided  interest  in  stock  improve- 
ment in  this  section  which  has  formerly  given  less  attention  than 
otlier  j^arts  of  the  country  to  the  improvement  of  farm  animals. 
The  records  of  previous  years  are  as  follows: 


Calendar  years. 


1880    

18«1 

1882 

188;^ 

188.i 

18^ 

1880 

1887 

Total 

Annual  average 

Annual  average  for  pre 
ceding  ten  years 


Total  pro- 
duction. 


Tons. 
31, 9*25.233 
35, 136,()«4 
38,i:«,04« 
4(i,8(U,0()9 
48,4r0.4«0 
41,731,550 
41,796,499 
41,454,458 


328,515,322 


41,084,415 


28,520,750 


Total  area 
of  crop. 


Acres. 
25,803,955 
30,888,700 
32,;«9,585 
35,5I5,»48 
38.571,593 
39.849,701 
30,501,088 
37,0t>4.739 


Total  value 
of  crop. 


$371, 
415, 
309, 
383, 
396, 
389, 
858, 
413, 


811, 0&4 
131,866 
958,158 
834,451 
189,309 
752.873 
437,699 
440,283 


277,195,909  i3, 093, 505, 223 


81,049,489       886,088,153 


23,142,841       823,935,991 


Average 

value  per 

ton. 


$11.65 
11.82 
9.70 
8.19 
8.17 
8.71 
8.46 
9.97 


Average 

jield    per 

acre. 


Tons. 
1.23 
1.14 
1.18 
1.32 
1.26 
1.12 
1.15 
1.10 


9.41 


11.36 


Average 

value    of 

yield  per 

acre. 


1.19 


1.23 


$14.38 
18.48 
11.44 
10.81 
10.27 
9.78 
9.68 
10.96 


11.16 


14.00 


CROP  ESTIMATES  FOR  1887. 


^tible  nhonnng  the  product  of  the  cereals y  potatoes ^  tobacco^  hay,  and  cotton  of  the 
several  States  named,  the  yiell  per  acre,  the  total  acreage,  the  average  price  in 
each  State,  and  the  value  of  each  crop  for  1887. 


States. 


l*roduct«. 


I   Quantity 
produced  in 
1887. 


3I.iinc 


New  HauiiJshire 


Indian  com-. .  .bushels. 

Wheat do... 

Rye do... 

Oats do... 

Barley do. . . 

Buckwheat do . . . 

Potatoes do. . . 

Hay tons. 


1,132,000 

481,000 

80,000 

2,6&1,000 
239,000 
380,000 

4,430,000 

1,443,872 


Total 


Indian  corn  . .  .bushels. . 

Wheat do 

I  Rye do 

I  <  )at« do 

I  Barley do 

'  Buckwheat do 

I  Potatoes do 

,  Hay tons.. 


Total 


V«'riiv!it 


Indian  com  . .  .bushels. 

Wheat do... 

Rye do. . . 

Oats do... 

Barley do. . . 

Buckwheat do. . . 

Potatoes do 

Hay tons. 


1,323,000 

110,000 

S1,000 

965,000 

86,000 

71,000 

1,216,000 

754,069 


Average  ;  Number  of 

yield         acres  in 
per  acre,   each  crop. 


85.2 
12.2 
12.8 

28.8 
21.8 
18.0 
65 
1.1 


81.3 
10.5 
10.7 
28.6 
22.0 
14.5 
42 
1.1 


Total 


2,204,000 

85.5 

820,000 

15.0 

70,000 

12.7 

2,730,000 

25.4 

260,000 

22.2 

283,000 

15.7 

2,258,000 

60 

1,252,225 

1.2 

32,165 
89,460 
2,488 
98,205 
11,206 
21.182 
68,289 
1,812,611 


1,580,451 


38,578 

10,485 
8,179 

83,749 
8,857 
4,880 

28,056 
686.517 


809,201 


62,091 

21,851 

5,976 

107,723 

11,711 

18,041 

87,682 

1,048,621 

1,808.046 


A(J  88- 


-27 


Value  per 

unit  of 
quantity 


$0.68 
1.05 
.86 
.42 
.67 
.57 
.60 

11.14 


1.04 
.84 
.48 
.69 
.56 
.85 
10.50 


.68 
.96 
.69 
.40 
.05 
.55 
.71 
0.54 


Total 
valuation. 


$769,760 

505,060 

25,600 

1,127,280 

160,180 

216,000 

8,060,840 

16,084,784 


21,949,8M 


012, 8n) 

114,400 

28,660 

414,060 

58,660 

88,760 

1,088,600 

7,917,725 


10,520,615 


1,496,720 

807,200 

52,440 

1,094,400 

109,000 

166,660 

1,608,180 

11,946,227 

16,826,817 

— * 
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.   TaUc  akoiBing  the  product  of  the  cereals,  potatoet,  tob<axo,  hay,  etc. — CoDtmned. 


state*. 

r™, 

..buHheJa. 

'^^■ 

■»"""■ 

Sl{ 

Value  rw 
unit  of 
qlumlity 

TttluaOon. 

Manchusetts 

W4 

6B,I»7 

Hs.ora 

641,  ssa 

16.  BO 

IftliT.OM 

T!W,*B 

"0 

Total . 
Indian  com 

l«n». 

1,1 

JO.  75 

I,e41,m 

iB8,a« 

a.Tii«,»i 

..busliels. 

IB77Q00 

aio 

IKIBW 

fii4,B« 

Total . 

TB3,7« 

14, 981,  on 

h.«hrf- 

B7 

Indian  com 

B,819.0CW 

I.IS 

».  100, 085 

..buihpta. 

10,««,(K» 

M.0 

sjfl,eM 

ttS 

8. 788,  son 

Total. 
Iiullan  rotn 

'""■■ 

1.808,3:8 

..biufacli. 

Fennsjlvania 

3d.  a 

w 

ai,«CGOo 

Tolal 

'^■' 

7,SCW,aTB 

loi.rer.MB 

Pfllaware 

biuhpls 

ta 

IHU.OIIO 

"•SS 

M 

Total, 

SBB.nS 
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Ihble  lAoufing  theprodtid  of  the  cereals,  potatoes,  tobaeeo,  hay,  etc. — Conttnucd. 


ProducU. 

nSra, 

■nstr 

Niiml*rof 

^'siiitsr 

ToiaJ 

MCbcrop. 

quADlHy. 

imtlon. 

8A.un 

l,8i7.l»0 

1    «■««.'»« 

Indtancorn 

bmibela 

Vlrgfnto 

K-.flBi),om 

17.  S 

!l,ia8.1U 

47 

40,834 

.ow 

4,aNH,3l8 

88.4^,078 

Korilirnrultua  ... 

ludUn  com 

Sll,8S0,OW 

13  4 

.  poundB. 

.097 

8.407,7710 

M.ra9.«I 

.biutwb. 

10  0 

1501  lea 

01! 

0308  080 

,.fiS 

SI.W:M4 

Cotton 

Tolal.- 

..pounita. 

i™.bJ5;;s 

its'* 

.OK 

8,7M.W1 

m 

liiuhclM 

■-- - 

— To* 

^■■ffi 



',9V!. 

WhpBt 

do. . . . 

2!:f,:::;::; 

.  ..do.... 

T.OMpWn 

,I»;Z 

H.cao 

43T,40a 

lonM, 

80,000 

,o„™^.. 

8B.»H,flI8 

0.  OSS,  mi 



BT.air.Ki 

V\     11 

1  li 

h,    h   iB 

<ni«ni» 

tM.wn 

'■ilS'SS 

,.^gS 

TotBl 

..poumta.. 

m 

mi,u]a 

.OK 

SSS"" 

.iHUlu-lK. 

n.su.ani 

^ 

■■ss 

■    :« 

'W'S! 

»ny 

lu 

311,881.409 

T.^., 

B,IHD,»S 



60.I74.4B0 
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Table  ahoioiiig  the  product  of  tlie  cereals,  potatoes,  tobacco,  hay,  etc. — Continued. 


SU«I 

E«.u«, 

,&c^n 

^•^IT 

Numherof 

Valua  per 

v.,TiS.. 

1887. 

per  acre. 

quantity 

Hin^BdpTli 

sss— 

.^^^^.. 

''■S?S'fSS 

Vn 

1.880,310 

■    SO.,W 

"*S 

Total., 

..pounds.. 

au 

2,W8.C74 

.OBB 

i3,sr*,!«o 

4,888,07(1 

M.00J.«C1 

LouiBiaiui 

.bushels. 

1B.0SS.fll» 

18,0 

I.OOl.aiM 

■s 

Biot  »n 

..poiuid*. 

2ffl 

1.0e8,8M 

.086 

E0.!I17,MI 

3,I«8,408 

ai.47B.84a 

bUBh«ta 

ai 

..pounds. 

E(B 

a.ueo.aa7 

0,74S,W7 

ArtHinsa. 

Total. 

4.0ai,17B 

Sl.ia8,Md 

biuh^ 

ai  B 

60 

h!!!"'' '  ■ . 

,1,. 

'i'4 

gss 

-'U. 

:»4,uiu 

,»y 

' "'■" 

I.A1M1,64U 

m 

fi, BOS,  OSS 

oo.ieit,«)o 

bu.hris 

„« 

M 

S'V 

^a 

lis,  air 

.33 
.SB 

icnlTao: 

Total. 

■■     ■'"'■■'■ 

ii-^..jf.i 

1.1 

1. 083. 313 

10.4»l,(ff 

Sinowia 

"^H 

^'isfeSS' 

«M 

":«^i^_ 

LIS 

IS.  00 

Totia. 

«,7»;«r 
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Table  thoteing  the  product  of  the  oereaU,  polatoet,  tdbaceo,  half,  etc—Oaaiianai. 
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Table  showing  theproduct  of  the  cereals,  polaloes,  tot 


AQBICnZ-TUBE, 

2CCO,  hay,  e(e.— Continued. 


^ 

Produrta, 

pSa 

3T. 

se.o 
no" 

Sumberot 

IS 

Total 
nLliiMlon. 

■UBDWi 

tBdUnconi 
WbMi 

Hay ...:::: 

..,,(lo... 

;;;l;; 

-poundB. 

IW.HB.DOO 

ill 

0.40U,T» 

7,ai4 

J;l 

J0.87 
.Ml 

.1" 

io.Ui;iw 

'■SS 

i-i,50(<:3oa 

11,110,807 



ladluooni. 

WhMt 

.biuhela. 

ir.M.. 

l:!Sf:ffi 

w.ouo 

J,  £5 

80.5 

1M,9U 

i,wu,-ioo 

.87 

:4a 
.w 

'■as 

RMtow... 

Hiy 

:;:;£;: 

■'■is 

0,1SB,1»1 

Wh=et 

H«y 

ToUl.. 

;'^*; 

'.'.','.aoV.'. 
,.,.do... 

Nebnuia  

B8,iu,nid 

JU,M6.l«IO 

„,!!:SS 

io!i 

IT.  7 

to' 

1,2 

a.8SS,IM 

na,3ri 

1,0«!,0QU 

.30 
.83 
.35 

:| 

4::!3 

!:S;s 

1S.T40 
i.  879.  MO 

B.ii«,«e 

T.7«l,B7!i 

BI.3E1.HK 

4,708,000 
3U,4IW,0DD 

i,i«o!iii)n 

'!:S:!!S 

1,B0B,HIH 

sain 
so.  5 

TM,8» 
l.mKTfi 

iiiw 

••Si-H 

^- 

....do... 

....tOlH. 

I.STS.B8D 

8.47i.aa> 

)i.H)B.m) 

lT;SM,B8i 

0,0M.3By 

Rye 

OaU 

.liUfihels. 

'.'.'.'.ao'.'.'. 

;;;;!;;; 

Orfaon 

30  QUO 

■■S:S 

87.5 
IT.S 

1! 

«?;S 

13. 7« 

!tb 

2s 

ToUl 

888 

mceo 

Wheat.   ... 

Si;;; 

H»y 

....tuo«. 

as 

a7.H 

1- 

.ft! 

Jl 

saA,3ii) 

liidlMicora  . 
Wb«it 

H»y 

.biuhclt. 
....do... 

:::;£::. 

....Ions. 

Unlomlo 

MH.nn 

'■JS'oSo 
snrlniw 

im.o 

",1 

ai.air 

liMD 
14U,IM0 

.IB 

!m> 

Ado.  on 

1 

xu.ua 

5,r!7.a» 
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Table  shoiviiig  tfie  product  of  the  cereals,  potatoes,  tobacco,  hay,  etc — Continued. 


Statc'> 


ArizD'.M 


Dakota. 


Idaho 


Montana 


New  Mexico 


Utah 


Washington , 


Products. 


Indian  com  . . .  bushels . 

Wheat do... 

Barley do  .. 

Potatixis do... 

Ilay tons. 


Total 


Indian  com  . .  .bushels. 

AVheat do... 

Rye do... 

Oats do... 

Barley do... 

Buckwheat do. . . 

Potatoes do... 

Hay tons. 


Total 


Indian  com  . .  .bushels. 

Wheat do. .. 

Oats do... 

Barley do... 

Potatoes do  .. 

Hay ton^. 


Total 


Indian  com  . .  .bushels. 

Wheat do... 

Oats do... 

liarley do... 

Potatoes do... 

Hay tons. 

Total 


Indian  com  . .  .bushels. 

Wheat do... 

Oats dd... 

Barley do... 

Potatoes do... 

Hay  tons. 


Quantity 

prtxluced  in 

1887. 


59,000 

308,000 

4.5!2,000 

66,000 

41,760 


20,992,000 

62,406,000 

218,000 

87,200,000 

4,154,000 

08,000 

5,209,000 

607,750 


56,000 

1,120,000 

1,005,000 

408,000 

460,000 

109,498 


25,000 

1,760,000 

1,866,000 

78,000 

491,000 

236,009 


Average 

yield 
per  acre. 


19.0 
13.6 
20.0 
48 
1.8 


33.0 
14.3 
13.0 
31.4 
18.3 
14.5 
105 
1.8 


28.2 
17.5 
30.0 
28.7 
102 
1.2 


27.5 
18.0 
81.0 
22.6 
110 
1.3 


Total 


Indian  com  . . .  bushels . 

Wheat do... 

Kye do  .. 

Oats do... 

Barley do. .. 

Potatoes do... 

Hay tons. 


970.000 
l.:.»21,000 

362,000 
62,000 
74,000 
39,818 


19.0 
15.0 
23.5 
18.4 
71 
1.2 


286,000  ' 
1,971,000 
19.000 

7H6.000 

660,000 
1,OH8,000 

194,762 


21.6 
19.0 

8.3 
26.5 
ifi3.2 
90 

1.2 


Total 


Indian  coi-n  . .  .bushels. . 

Wheat do 

Kye do 

Oats do 

Barley do 

potatoes do 

Hay tons.. 


74,000 

8,  .^46. 000 

18,000 

3,369,000 

TTT.  000 

1,218,000 

287,684 


21.9 
18.0 
12.4 
37.0 
25.0 
107 
1.8 


Total 


I 


WyoniiufT 


Oats do... 

Potatoes do . . . 

Hay tons. 

Total 


88.000 
138,000 
146,094 


30.1 
100 
1.85 


Number  of  I  Value  per 


acres  in 
each  crop. 


8,111 
22,450 
28,600 

1,418 
82,130 


81,704 


686,120 

8,6W,737 

16,750 

1,186,800 

227,000 

4,350 

49,608 

467,500 


8,868,865 


1,989 
04,015 
86,509 
14,211 

4,505 
141,814 


868.473 


906 

97,786 

60,180 

8,458 

4,460 

181,545 


348,  aiS 


51,056 
81,378 
15,389 
3,869 
1,050 
32,760 


184,996 


18,197 

108,788 

2,287 

29,658 

29,760 

12,084 

162,302 


353,016 


8,375 

463,610 

1.4&4 

91,046 

81,089 

11,881 

821,257 


883,211 


2.921 

1,332 

116,876 

121,128 


unit  of 
quantity. 


90.65 

.ae 

.60 

.52 

11.00 


.85 
.62 
.43 
.25 

.40 

.67 

.43 

4.06 


Total 
valuation. 


.60 
.77 
.46 
.60 
.86 
6.50 


.60 
.76 
.45 
.56 
.&! 
18.50 


.72 
.90 
.46 
.58 
.60 
10.25 


.75 
.61 
.47 
.43 

.68 

:d6 

6.90 


.67 
.87 
.78 
.44 
.49 
.45 
9.60 


.46 

.68 

9.50 


$38,360 
^18,460 
871,800 
86,860 
469,459 


1,068,829 


7,847,200 

27,851,180 

93,740 

9,316,500 

1,661,600 

36,910 

8,289,870 

8,467,465 


50,418,406 


88,600 
868,400 
498,750 
804,000 
165,600 
1,101,706 


8,860,066 


15,000 

1,887,600 

889,700 

48,680 

814,840 

8,486,188 


!   6,788,848 


898,400 
1,098,900 

166,680 
86,960 
87,000 

408,948 


2,489,728 


218,760 

1,202,810 

8,930 

887,980 

888,800 

891,680 

1,843,858 


8.881,308 


49,680 

6,591,160 

18,080 

1,488,860 

880,780 

648,100 

2,761,888 


10,828,880 


80,000 

77,140 

1,887,898 

1,604,688 


428  REPORT   OP   THE   COMMIS3IOITI:E   of   AGBIOOLTURE. 

Suntmari;  for  each  State,  showing  the  product,  arm,  and  value  of  each  crop  for  168!!. 


States  and  Territories. 

con,. 

"Wlwat. 

Buxhels. 

Acres. 

ValuB. 

BiahBlH. 

Acres. 

Value. 

Mai 

'•ii 

ii 

a,4M!l«7 

i!uoi!iK» 

4,4t».40G 

£.ua8,34» 
s.m.m 

ti-iB.T.'iS 

ii 

BOO.  TOO 
li'.lUll'.ilTV 

"■S:S 

a.  lira 
Bi,ai7 

P6!|.r80 

i.aiusso 

IS,  MS,  TOO 

i.mt.TW 

,!;S:S 

30.203,810 

laliui'Nsu 
17.  sm.  4110 

OIDI^O 

S0.001..900 
BU.  lire.  BUI 
sr.«iB,nn.i 

«.aaa,7oo 

110. 4H0 

"lis 
si 

4D!aeu 

4fn,ooo 

iKulooo 
la.ooo 

89, 400 

iSOB.OeD 
lolOB 

^^^T*-"'" 

11 

§ 

140,  Mft 

1 

M 
OTt 

urn 

10.1871 000 
1.4SH,000 
la.TKl.OOO 

<i»;ooo 

i.mooo 

14r|0S9 

''Si 

1BS,«S7 
S8a.0M 

S.  SIB.  HO 

4.4»S.7H) 

1,130,070 

s,s«t.soa 

i^^'i 

1.9IU.00O 

ais,ooa 

41;T70 

^■^s 

TsgB^, 

n,4no.ooa 
i;,3|io.aio 

aalwrlooo 

B7. 744. 000 

10,100.000 

liTWioOO 
1,331.000 
I.Wl.OOO 

s.aa.ooa 

S;SS;S 

030,036 
S.S70 

'■ll 

81.873 
I<ie,73H 

4US,eio 

1?!?SS 

an:  Basso 
i&osr.w) 

Sr.:::;:;:::::::: 

a?'5?S'J?S 

llofolsro 

8,780.060 

K"™^- 

!&;■;:■;;;;;;;; 

MS  400 

i<i«i^- 

iSSli 

Total 

i,4fii),iai,ooo 

7S,8W,T80 

m.w.m 

450.Bai.000 

87,641,783 

sio,ins.Ma 

Bye. 

Osts. 

Biuhels. 

i 

S0.4M 

11 

Value. 

Buahels. 

Acres. 

Value. 

>i.i» 

ni,uon 
sm'.ooo 

o,ww 

M,440 

.11 

G7U,A»1 

'■'11 

ami  000 

40  500 

107.723 

■•Ii 

<im|iio 

ii 

^'mi 

so!  801 

S:S 

ISS07 

n.iar.aso 

1,004^400 

g^'^.::;-::: 

11 
jl 

aissi 

oou 
ooo 

000 

000 

ouo 

gS^l;".".".::;':::::: 

N^h  Coroll'iia 

Houth  CaroUna 

Georgia 

simiao 

4,0(lVfa> 

is 

ini.uuo 

o.aB 

;S 

87.231 

Bi,aso 

7,1100 

;tr!i(in 
bii;Kio 

^^\\v-:::::: 

'mMO 

Arl'="«" 

i.^-»o 

'■^:SS 
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Summary  for  each  State,  thowing  product,  area,  and  value  for  1687— Continued. 


1 

OWi. 

Buafaeli. 

i™.      « 

ahie. 

BuaheH 

Adtm. 

Value. 

Kentuck? 

sx 

tnflooo 
wi.ooo 

11 

101^  300 

11 

101,  TGO 

(sia.000 

1S5.0IU 

|:| 

is' 000 

lfi!,W4,lUJ 

s!7,Ma,«xi 

CS.BM.OOO 

liE 

190.000 

"liMfiiooo 

l.B8«.0IX> 

••li 

i.an.DTS 

I.MO.KBB 

■«:g 

i.im.an 

IS 

Bi'Si 
s^wi 

?ffi« 

t 

^sss 

■SlS! 

B8,7M 

Dakota 

G,3ie,HU 

\iz 

fZ 

,8;S 

Total 

so,tm,oao 

»,flO».«7        1 

»SS.l« 

000,818,000 

KI,<HI.SO0 

W0,8».!» 

BMto;- 

Buabola. 

Aoraa.           1 

atue. 

BtBheli. 

Adm 

TaluB. 

K™,^.;::::: 

nB.ooa 

«i.ooa 
aw;ooD 

Ulooo 

0.  to;  000 

'is 

Sffi 

180,000 
71000 
28^000 

n.ooo 

n.iai 

11 

»!;a 

:li 

'IS 

4&\ooa 

zf.sas 

mm 

i.mlMO 

i|E 

TOBS 

iI^SSS 

so.ooo 

BioOO 

■» 

■SB 

NottU  CuvliuB 

°^^ 

i;iii 

"I 

lor.ooo 

i«    "■■ 

li 

7,aw,oui 

'■S:S 

bh!odo 
4u.ooa 

S.1M 

Is 
ai 

n.aoo 

■JSi 

is 

tss 

MS,  000 

.^S! 

11 

MO,  no 

MXaoo 

1?S 

lor.ooo 

^000 

S:S8£ 

w.iao 

IijUi^ 

!&::■;:::;;■;;; 

Si 

11000 

T7* 

■.m 

«,000 

iw 

*«• 

«l,BI£.(NO 

!,wi.ws     a 

««.«» 

i(W«.<>w 

•Mim 

Summarp  for  each  State,  thowing  product. 

area,  and  v^ue  f 

M- 1867— Contmned. 

Potatoes. 

Hay. 

BuBhelB. 

Apre.1.            ^ 

Blue. 

Tons. 

AcreH. 

Vflliit 

4.«ti.000 
l.Slfl.ttM 
a.BRH.IMI) 

a,«c).ooc) 
set.aai 

III 

i»3,oai) 

,,!g!!! 
ifS 

414^]  000 

aiSQOoo 
4:64a:aio 

S'm'Soo 

i:iE 

4  4SB0UD 
I'OM'ESS 

''iE 

iiu,uaD 

lis 

i,08B,aoo 
1,  SIS,  wo 
■mlooo 

a8.iW9  'j    i 

^s  ■ 

]S4,10S 

AS, 741 
21,4!I7 

!'i 

ioj»t 

87,!«5 

14ll!4«9 
90  034 
J40.891 

«4!4a( 

!li 

«8>1 

4.ISS, 

IE 

4W,800 

:S:S 

i4s.mi 

■i:i 
Si 

wa.iao 
413.  tDO 

uu.no 

MO.UU 

;|| 

IWTOO 
.SJ3.SU0 

:!i:E 

,»».UI<I) 

4oe!aaa 

33,3SU 
,3SB.H70 
HIB.OKI 

'!!« 

B8C.U80 
GM.10O 

1,313,611 

•If 

iiS 

]8H,tllS 

!!:S 

tl  .OM.TM 

1  Iwilis 

^Z^"^'" 

'771 
0,81' 

a 

4«< 

1 

7li* 

wet 
am 

TO) 

■!■!!!•!!! 

w:m,BM 

4.IIW,171 

47 
s; 

1 
sii 

5lt8 
l'48l 

1;!S 

SHI 
171 

lU 

aw 
at 

xs; 

33« 

aw 

WD 

urn 

«,aoo 

IW4.UI(I 
SSO.JiM 

III 

'4w,-ioo 

IIODSIOOO 
198,060 

|:S 

I4i:iM4 
]KI,Mn 

as,™ 
10a, are 

221,  M7 

iiu.ifrs 

Tm«^ 

s^"'^:::e:. 

4,4B0.  WO 

2H.i!)H,0r>5 

,5'i!fS 

IW,  103,000 

.,.»,» 1  . 

.BOO,  740 

41,4.H4SH 

87,eW,73B 

states  oiul  Territories. 

Tobicco. 

i'ttlue. 

.m'.im 

409, 14H 

CottOD. 

Founds. 

Ac™.  ; 

BKlca. 

Aena. 

VaiM. 

a. nil, 000 
Tlafflioon 

40,218  (Ml 

! 

Virginia,,... 

lU.lM 

1:1 

as 

.,S:| 

'bm,™i 

"11 

^'Bi 

lolmuoo 

8,718.  ft!) 

i]!£7iiuio 

0,«l.l«W 

a.BiB,ora 

1M:431          1 

iJiHt! 

B,M8 

■ii 

T«niori«.      tuclud- 
iDg  MlfBDuri  for  cot- 

.       »,7a9 

78.884 

i.n7.m 

B8B,B40.000 

SM,<!eO        i 

,977.£SQ 

ie.44I.0S7 
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Table  showing  the  average  yield  per  acre  and  price  per  bushel,  pound,  or  ton  of 

fann  products  for  the  year  lo87. 


Buckwheat. 


States  and  Terri-  | 
tories. 


Biish- 
ela. 


Maine |     18.0 

New  Hampshire  .      14.5 

Vermont j     15.7 

Mas.sachu8etts  ...      14. 3 

Rh(Mie  Island  

ConiKH'ticut 

New  York 

N<'W  Jersey 

Ponii.'-ylvauia  . . . 

Delaware 

Maryland 

Virj.rinia 

Nortli  Carolina. . 
South  Carolina. . 

Ceorjfia 

Florida 

Alabama 


Price 

per 

busliel. 


$0.,>7 
.50 

.08 


10.7 
13.0 
11.8 
11.9 


12.0 

8.0 
8.0 


.58 
..'',9 


.54 
,00 
,60 


Potatoes. 


Bush- 
els. 


65 
42 
60 
06 
78 
73 
60 
07 
55 
07 
63 
53 
62 
61 
.52 
60 
.58 


Price 

per 

bushel. 


$0.69 
.85 
.71 
.92 
.90 
.90 
.02 
.78 
.70 
.53 
.55 
.61 
.59 
.95 
.00 
1.00 
.91 


Hay. 


Tons. 


Price 
per 
ton. 


1.1 

1.1 

1.2 

1.2 

1.1 

1.1 

1.15 

1.25 

1.26 

1.2 

1.25 

1.20 

1.15 

1.18 

1.2 


1.18 


$11.14 
10.50 
9.64 
15.80 
16.76 
14.70 
10.76 
12.64 
11.81 
12.00 
11.46 
10.24 
10.57 
11.76 
14.92 


Tobacco. 


Pounds. 


Price 

per 

pound, 


1,426 


14.40 


1,480 
1,880 


$0.17 


.148 
.115 


1,480 


688 
600 
486 


.16 


.065 

.06 

.10 


Cotton. 


Bales. 


.40 

.416 

.867 

.322 

.262 

.80 


Pounds. 


184 
191 
178 
154 
61 
14S 


Com. 

Whc 

Bush- 
els. 

12.2 
10.5 
16.0 
14.8 

>at. 

Rye. 

Oats. 

Barley. 

States  and  Terri- 
tories. 

Busli- 
els. 

Price 

per 

bushel. 

Price 

per 

bushel. 

Bush- 
els. 

Price 
per 
bushel. 

Bush- 
els. 

Price 

per 

busliel. 

Bush- 
els. 

Price 

per 

bushel. 

• 

Maine      

35.2 
34.3 
35.5 
35.4 
82.0 
34.0 
88.0 
80.0 
82.2 
20.0 
27.0 
17.5 
13.4 
10.0 
11.0 
10.0 
13.0 
17.3 
18.0 
17.0 
20.0 
21.5 
19.0 
18.3 
20.3 
22.5 
20.0 
19.2 
1      25.3 
29.8 
25.5 
22.0 
14.6 
24.1 
30.0 
27.3 
27.8 
80.0 
19.0 
&S.0 
28.2 
27.5 
19.0 
21.6 

21.9 

1 

^.68 
.69 
.68 
.70 
.70 
.67 
.57 
.55 
..50 
.48 
.45 
.47 
.59 
.62 
.63 
.71 
.54 
.53 
.51 
.51 
.50 
..■50 
.54 
..53 
.48 
.48 
.45 
.41 
.42 
.87 
.35 
.37 

.m 

.30 
.01 
.04 
.02 
.63 
.65 
.85 
.60 
.60 
.72 
.75 
.67 

$1.05 

1.04 

.96 

1.00 

12.8 

10.7 

12.7 

10.4 

10.4 

12.0 

10.8 

9.6 

8.7 

7.0 

8.7 

6.5 

6.8 

5.3 

5.0 

|0.a5 

.m 

.60 
.74 
.77 
.69 
.61 
.58 
.56 
.56 
.65 
.65 
.80 
.90 
.90 

28.8 
26.6 
85.4 
88.4 
26.0 
27.6 
23.5 
28.2 
25.5 
21.2 
20.7 
17.0 
13.0 
11.6 
11.6 
14.6 
11.0 
12.8 
18.6 
21.0 
17.5 
14.8 
17.8 
18.0 
80.0 
80.6 
87.0 
80.5 
84.2 
80.0 
80.5 
29.3 
26.6 
87.6 
86.8 
27.8 
24.9 
81.0 

$0.48 
.48 
.40 
.48 
.48 
.42 
.87 
.86 
.85 
.88 
.88 
.85 
.44 
.59 
.58 
.60 
.58 
.57 
.58 
.87 
.40 
.88 
.86 
.84 
.88 
.88 
.80 
.27 
.28 
.80 
.81 
.26 
.29 
.81 
.58 
.40 
.60 
.45 

81.8 
22.0 
22.2 
22.6 
22.6 
21.9 
10.8 

$0.67 

New  Hampshire  . . . 
Vermont 

.60 
.65 

Massachusetts 

Ithode  Island 

.78 

.78 

Connecticut 

New  York 

New  Jersey 

Pennsylvania 

Delaware    

17.0 

15.2 

10.2 

9.7 

9.8 

10.3 

7.6 

7.1 

6.4 

^.6 

.99 
.88 

.87 
.81 
.84 
.83 
.81 
.88 
.99 
.96 

.68 
.68 

17.8 

.66 

Marvlaiicl        

Virtriuia  

17.0 
10.6 

.78 

North  Carolina  — 
KmitVi  Carolina 

.75 

(ieortfia    

12.4 

.77 

Florida             

A  lAltflTMR 

6.8 
7.5 

.96 
.96 

5.2 

0.6 

5.5 

8.7 

•    8.5 

5.7 

6.3 

9.4 

12.4 

12.8 

11.8 

12.0 

12.2 

10.0 

12.7 

11.8 

9.5 

10.8 

9.5 

14.5 

.95 

.90 

.86 

.70 

.80 

.71 

.60 

.60 

.58 

.55 

.54 

.49 

.48 

.46 

.44 

.45. 

.44 

.86 

.80 

.75 

M  i*4sissir)i  >i 

Louisiana 

Texa.s  

10.0 
9.9 
8.0 
9.4 
10.2 
18.1 
18.8 
18.5 
16.2 
10.8 
11.6 
10.0 
16.2 
9.6 
10.1 
11.0 
17.5 
19.9 
21.0 
18.5 
14.3 
17.5 
18.0 
15.0 
19.0 
18.0 

.80 
.88 
.77 
.76 
.78 
.76 
,74 
.72 
.70 
.64 
.59 
.61 
.62 
.61 
.58 
.74 
.68 
.80 
.75 
.82 
.52 
.7? 
.76 
.90 
.61 
.67 

18.0 

.66 

Arkansas         

Tennes.seo 

West  Virginia 

Kentucky  

Ohio             

12.8 
82.8 
18.8 
80.6 
19.6 
18.0 
17.6 
18.5 
19.8 
19.0 
18.2 
20.6 
17.7 
80.5 
21.2 
22.6 
86.6 
80.0 
18.3 
28.7 
88.6 
18.4 
88.8 
86.0 

.57 
.56 
.68 
.68 

Michiiran 

.00 

Indiana 

.66 

Illinois 

.66 

Wisconsin 

Minnesota 

Iowa 

.58 
.46 
.44 

Missouri 

.50 

Kansas 

Nebra.ska 

.48 
.87 

(California     

.68 

Oregon 

Nevada      

.45 
.65 

( Colorado 

14.2 

.78 

.68 

Arizona         

.60 

Dakota 

Idaho              

18.0 

.43 

31.4 
80.0 
81.0 
88.6 
26.6 
37.0 
30.1 

"       .25 
.46 
.45 
.46 
.48 
.44 
.46 

.40 
.50 

Montana     

.56 

New  ^Ifxico      

. . 

.66 

Utah   

Washinjjrt'OU 

W^vomintr       

8.8 
12.4 

.47 
.76 

.68 
.40 

Average  

20.1 

.444 

12.1 

.681 

10.1 

.645 

85.4 

.804 

19.  G 

.619 
1 

Price 

per 

pound. 


$0,066 
.067 
.087 
.067 
.060 
.060 
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Table  showing  the  average  yield,  etc. ,  of  farm  products  for  the  year  1887 — Ck>ntinued. 

•  —  J    ■  ■  I 


Buckwheat. 

Potatoes. 

Hay. 

Tobacco. 

Cotton. 

states  and  Terri- 
tories. 

Bush- 
els. 

Price 

per 

bushel. 

Bush- 
els. 

Price 

per 

bushel. 

Tons. 

Price 
per 
ton. 

Pounds. 

Price 

per 

pound. 

Bales. 

1 
•    Price 
Pounds,     per 
pound. 

1 

MisBissippi 

65 

66 

54 

60 

50 

51 

45 

80 

30 

38 

83 

75 

77 

55 

60 

59 

70 

80 

77 

110 

105 

48 

105 

102 

110 

71 

90 

107 

100 

$0.87 
.91 
.92 
.70 
.66 

.83 
.91 
.72 
.95 
.90 
.76 
.56 
.62 
.62 
.70 
.68 
.57 
.62 
.78 
.56 
.52 
.48 
.86 
.64 
.50 
.36 
.45 
.68 

1.4 

1.4 

1.3 

1.3 

1.18 

1.1 

1.15 

1.2 

1.2 

1.1 
.8 
.8 

1.2 
.85 

1.2 

1.1 

1.2 

1.3 

1.4 

1.3 

1.2 

1.8 

1.3 

1.2 

1.3 

1.2 

1.2 

1.8 

1.25 

$11.38 

9.70 

10.00 

9.75 

10.40 

9.80 

12.00 

10.25 

10.80 

10.47 

10.29 

10.80 

6.04 

7.86 

8.21 

5.80 

4.28 

11.50 

11.00 

9.75 

10.75 

11.00 

4.06 

6.60 

18.50 

10.25 

6.-90 

9.60 

0.60 

.417 
.478 
.40 
.44 
.87 

.38 

200 
228 
202 
216 
181 

182 

$0,086 
086 

Louunana 

Texas 

.063 

Arlfanoas 

620 
575 
560 
590 
615 

$0.16 
.105 
.127 
.12 
.09 

.086 

Tennessee 

West  Virginia. . . 
Kentucky 

7.4 
7.5 

$0.60 
.64 

.066 

Ohio 

9.7 
12.3 
8.2 
9.8 
8.6 
9.8 
9.7 
9.6 
9.8 
9.3 

.68 
.67 
.67 
.68 
.57 
.55 
.67 
.68 
.65 
.61 

Michigan 

Indiana 

440 

460 

1,020 

.05 
.10 
.11 

Illinois 

Wisconsin 

Minnesota 

Iowa 

Missouri 

600 
480 

.10 
.12 

Kansas .     , . , . ,  . 

Nebraska 

California 

.066 

Oregon 

14.2 

.65 

Nevada 

Colorado 

Arizona 



Dakota 

Idaho 

14.6 

.67 

Montana 

New  Mexico 

Utah 

IVflHhington 

Wyoming 

Average  . . . 

11.9 

.606 

66.9 

.682 

1.10 

9.97 

045.2 

.106 

.877 

188 

.066 

Table  shoiving  the  average  cash  value  per  acre  of  f  ami  products  for  tlie  year  1887. 


States  and  Terri- 
tories. 


Maine 

New  Hampshire  . . 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

New  York 

New  Jersey 

Pennsylvania 

Delaware 

Maryland 

Virginia 

North  Carolina 

South  Carolina — 

Georgia 

Florida 

Alabama 

Mississippi 

liOuisiaua 

Texas 

Arkansas 

Tennessee 

West  Virginia 

Kentucky 

Ohio 

Michigan 

Indiana 

Illinois 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nebraska 

California 

OrOKon 


Com. 

Wheat. 

Rye. 

Oats. 

Barley. 

Buck- 
wheat. 

$28.93 

$12.80 

$10.48 

$12.09 

$14.29 

$10.26 

23.66 

10.91 

8.96 

12.80 

15.21 

8.15 

1U.14 

14.89 

8.78 

10.16 

14.43 

8.68 

24.78 

14.81 

7.70 

12.21 

16.63 

9.72 

22.89 

8.01 

11.17 

16.29 

22.78 

16.87 

8.29 

11.69 

14.92 

6.82 

18.81 

12.46 

6.59 

8.70 

13.46 

6.89 

16.50 

8.87 

5.57 

8.36 

6.97 

16.10 

7.86 

4.87 

8.93 

12.11 

6.66 

6.60 

8.28 
8.65 

3.92 
4.79 

6.09 
6.88 

12.15 

6.49 

8.28 

6.16 

3.58 

6.96 

12.44 

6.16 

7.91 

6.26 

4.64 

6.72 

7.84 

4.83 

6.20 

6.84 
6.27 

4.79 
4.60 

6.84 
6.67 

6.98 

9.66 

7.53 

8.70 
6.88 
7.01 

7.84 

6.17 
7.12 

4.98 
6.90 

9.17 

9.18 

'aoo' 

4.67 
6.08 

7.16 
7.77 

8.67 

7.28 

10.00 

8.12 
6.16 

6.81 
4.04 

7.00 
5.43 

10.75 

7.00 

4.46 

10.26 

7.14 

8.77 

6.28 

12.^ 

4.80 

9.70 

r:45 

5.61 

6.12 

9.51 

12.62 

0.82 

7.20 

9.60 

18.94 

0.57 

10.80 

9.84 

0.77 

9.47 

13.46 

H.23 

9.00 

9.72 

6.88 

7.88 

11.71 

5.48 

7.87 

10.64 

5.88 

7.96 

9.62 

6.16 

10.68 

6.60 

5.86 

6.78 

9.81 

4.84 

11.03 

6.»4 

4.00 

7.80 

8.88 

5.11 

8.98 

6.10 

5.59 

7.82 

8.30 

6.50 

8.14 

10.04 

6.08 

7.62 

9.10 

0.50 

6.40 

5.80 

4.18 

7.71 

8.82 

6.87 

7.28 

5.  .85 

3.78 

5.77 

6.56 

6.67 

18.80 

8.14 

7.60 

15.54 

10.66 

17.46 

11.90 

i    10.86 

10. 9S 

9.64 

7.88 

Potatoes. 


$44.86 
36.70 
42.00 
60.72 
70.25 
65.71 
40.92 
48.91 
38.50 
85.51 
34.66 
82.88 
30.67 
48.56 
46.76 
60.11 
52.74 
47.82 
50.03 
49.72 
41.98 
:i2.99 
39.27 
37.35 
27.80 
21.60 
31.. 35 
29.70 
57.00 
48.12 
84.10 
87.20 
41.80 
40.60 
45.60 
40.06 


Hay. 


$12.25 

11.65 
11.45 
18.96 
18.43 
16.17 
12.37 
15.80 
14.14 
14.40 
14.81 
12.29 
12.16 
13.87 
17.90 


16.99 

15.98 

13.68 

18.00 

12.68 

12.27 

10.28 

13.80 

12.30 

12.96 

11.52 

8.23 

6.24 

7.25 

6.26 

9.85 

6.38 

5.06 

14.96 

16.40 


To- 
bacco. 


$242.25 


211.64 
161.80 


214.50 


36.09 
48.00 
48.60 


83.20 
CO.  37 
71.12 
70.80 
66.86 


22.00 

45.00 

112.20 


50.00 


Cot- 
ton. 


$15.82 
16.66 
16.01 
13.89 
6.97 
12.77 
17.21 
10.61 
16.80 
18.30 
15.41 


M5.44 
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Table  ahowiiig  average  cash  value  per  acre  of  farmprodueUfor  1887.- 


Stales  mod  Terri- 
WHbs. 

Corn. 

w,^ 

Hye. 

cum. 

B>rtW. 

la 

PoUtou. 

H«y. 

S5I.W 

K 

gSSi- 

V7.M 

li 

IS.  as 

3B.W 

1J 

II 

ia!o9 

iii-ii* 

""8.» 

rag 

1 
II 

114.  M 
IS.W 
I&OO 

ii 

:;:::::: 

IS:?! 

as.  OS 

11 

sa.41 

48.lfl 
S7.8I 

Iis.n 

'IS 

19.48 

^' 

HawHezloQ 

^r------ 

Oeneral  aTBmge 

B.83        S-SB 

K.49 

7.M 

10.15 

- 

i«.8S 

iD.ie 

SS.4S 

ts-u 

Produtu. 

^^. 

S"^ 

Value. 

i,«6,in.ocn 

4S6,S».I»0 

H.sii.ooo 

10.tM,000 

i*i;ioa:«» 

a.0M,4^ 

t.l)01  S53 

t6K.jo6.rro 

144, ITS, Bar 

ponnd... 

Tobicco 

D<B,«a) 

3r.«H.TSa 

ia.s4i,oa7 

fflSi 

teuton 

'*^'- 

ni.<ei,o» 

'    '    ' 

ProduoU 

1 

tt 

1. 

1* 

1 

H 

H 

r 

1 

■5 

Indlancnrn 

budiebi 

». 

so.  444 

tS.K 

gSfev:::  :::::: 

..do... 

^ 

law 

SL;: i.CE- 

l.W 

9.K 

«.« 
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FARM  ANIMALS. 

NUMBERS. 

The  tandency  to  increased  attention  to  horse-breeding  which  has 
been  so  noticeaole  in  recent  years  is  still  progressive.  The  low  value 
of  cattle  stimulates  renewed  attention  to  horses.  Improvement  in 
quality  is  quite  as  apparent  as  increase  of  numbers.  Tne  popularity 
of  the  large  French  and  English  breeds  is  unabated.  Enlarged 
demand  for  draught  horses,  locally,  is  caused  by  activity  in  railroad 
building.  It  is  gratifying  to  notice  that  in  some  parts  gf  the  South, 
where  manufacturing  has  been  introduced  or  extended,  there  has 
arisen  an  unaccustomed  demand  for  horses.  In  the  Territories  the 
establishment  of  horse  ranches  has  increased  the  numbers  of  these 
useful  animals.  They  are  found  to  be  thrifty  and  profitable  stock  for 
the  range.  They  are  not  exempt,  however,  from  losses  and  disabili- 
ties, as  there  are  local  complaints  of  the  depredations  of  wolves  and 
mountain  lions.,  which  prey  upon  the  voung  colts.  In  some  portions 
of  the  Western  wheat  area  there  has  heen  diversion  from  cereals  to 
farm  animals,  but  especially  to  horses,  as  the  local  demand  is  great 
in  rapidly-settling  districts.  On  the  other  hand,  they  are  in  less 
demand  in  certain  localities  in  the  Ohio  Valley  which  are  reducing 
arable  area  and  enlarging  permanent  pasture  or  other  grass  lands. 
Then,  there  are  counties  in  which  a  jMethora  exits  because  buyers 
have  not  been  sufficiently  active  in  their  j)urchases. 

The  total  increase  in  numbers  appears  to  be  nearly  half  a  million. 
The  heaviest  ratios  of  increase  appear  in  the  Territories  and  in  Texas, 
Kansas,  and  Nebraska. 

There  has  been  a  slight  increase  in  mules.  The  cotton  belt  has 
never  done  much  in  raising  either  mules  or  horses.  So^ne  correspond- 
ents report  efforts  there  in  this  direction.  In  Georgia  the  increase 
in  Bermuda  grass  is  made  subservient  to  stock-growing,  and  espe- 
cialy  to  mule-raising.  Others  report  that  mules  can  be  grown  on 
winter  pasture  and  in  the  canebrakes  about  as  easily  as  cattle. 

The  number  of  milch  cows  are  gradually  increasing  with  the  ad- 
vance of  population.  Milk  and  its  products  are  found  to  be  the 
cheapest  as  well  as  the  most  assimilable  and  nutritious  of  the  foods, 
and  there  is  no  probability  of  a  decline  in  the  demand.  The  largest 
increase  is  in  the  Southwest  .and  Northwest,  where  settlement  is  ac- 
tive and  population  increasing.  The  apparent  increase  of  the  year 
is  442,211. 

The  numbers  in  cattle  of  all  kinds  exceed  the  estimate  of  last  year 
by  more  than  a  million.  The  increase  is  rapid  in  all  the  States  where 
farm  extension  is  in  progress,  as  in  the  newer  Western  States  and  in 
Texas,  Arkansas,  and  Tennessee.  There  is  much  dissatisfaction  with 
the  low  price  of  cattle,  which  has  tended  to  reduction  in  some  places, 
and  in  others  holding  for  better  prices  has  tended  to  enlargement  of 
numbers.  There  is  mueli  local  complaint  of  combination  of  dealers 
and  but(;hers  to  control  prices,  and  of  the  discrimination  of  railroad 
companies  in  freight  rates.  Tlicreis  some  improvement  in  the  qual- 
ity of  cattle,  as  reported  in  many  Southern  loctilities.  It  is  a  hopeful 
sign,  indicating  a  greater  popularity  of  cattle-growing,  and  leading 
ultimately  to  increase  of  numbers. 

There  appears  to  be  a  slight  further  reduction  in  numbers  of  sheep, 
due  to  discouragement  at  the  low  price  of  wool.     It  is  gratifying  to 
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observe  evidences  of  re-assurance  in  the  future  of  sheep  husbandry, 
which  may  eflEect  an  increase  of  numbers  hereafter.  In  some  sec- 
tions a  slight  increase  is  already  perceptible. 

In  the  numbers  of  swine  there  is  a  marked  increase^  ample  for  a  meat 
supply  of  the  natural  increase  of  population,  and  to  aid  intheconsump* 
tion  of  the  large  corn  crop  of  the  past  year.  But  a  portion  of  the  in- 
crease is  only  apparent,  as  in  several  States  a  revision  of  previous  esti- 
mates has  enlarged  the  State  aggregates.  The  tendency  of  current 
State  statistics,  founded  on  assessors^retums,  which  omit  all  the  pigs 
under  six  months  old,  and  often  a  considerable  portion  of  the  horn, 
is  to  an  underestimate  of  the  numbers  of  swine,  and  this  naturally 
affects  the  judgment  of  our  correspondents. 

The  aggregate  numbers  of  the  different  species  of  farm  animals  on 
fariiis  and  ranches,  but  not  including  those  neld  in  towns  and  cities, 
are  as  follows: 


stock. 


Horses 

Mules 

Milch  cows 

Oxen  and  other  entile 

Sheep 

Swine 


1888. 


28,179,986 

14,866.414 
84,878,868 
48,544,756 
44,846,586 


18,668,8M 
8,867,674 
15,808,685 
85,088,417 
48,800,070 
50,801,508 


InoreMeor 


±1?:S? 

--  448,811 
--664,064 
-  405,699 
+6,06S08r 


VALUES. 

The  values  of  farm  animals,  as  reported  by  correspondents,  are 
but  little  changed  from  the  returns  of  January,  1888,  horses  and 
sheep  advancing  slightly,  hogs  more  notictobly,  while  cattle  and 
mules  have  declined  somewhat. 

Milch  cows  have  declined  71  cents  per  head,  but  the  increase  in 
numbers  is  sufficient  to  almost  entirely  offset  this  shrinGkage,  leaving 
the  aggregate  value  less  than  one-tenth  of  1  per  cent,  smaller  than 
at  the  preceding  return. 

In  the  case  of  oxen  and  other  cattle  the  increase  in  numbers  is  not 
sufficient  to  make  up  for  the  decreased  value  per  head,  and  the  aggre- 
gate value  is  $14,513,708  less  than  the  value  ot  the  same  class  of  stock 
in  1888. 

Sheep  alone,  of  all  farm  animals,  show  a  decline  in  number,  but 
the  advance  of  8  cents  per  head  is  sufficient  to  increase  the  aggresato 
value  of  a  year  ago  by  more  than  $1,350,000.  The  value  of  this  oiBaa 
of  stock  declined  steadily  from  1881  to  1886,  when  the  tUming  point 
was  reached  and  an  advance  began,  which  still  continues.  The  fall- 
ing off  in  numbers  began  three  years  later,  and  still  continues. 

Mules  show  a  slight  decline  m  price,  but  the  total  value  exceeds 
that  of  1888  by  nearly  $5,00  »,000.  For  four  years  past  the  changes 
in  prices  have  been  very  slignt,  the  extreme  range  between  1886  cuod 
1889  amounting  to  only  87  cents. 

A  bountiful  com  harvest,  with  a  fairly  healthful  season  for  swine, 
has  caused  a  large  increase  in  the  numbers  of  hogs,  while  the  scc^rciW 
of  this  class  of  stock  during  the  past  two  years  has  materially  stiffened 
prices.  The  net  aggregate  increase  of  values  of  all  classes  of  stock 
over  1888  amounts  to  $98,006,640,  and  of  this  increase  swine  fumishefl 
over  $70,000,000. 


436 


REPORT    OF    THE   COMMISSIONER    OF   AGRICULTURE. 


The  following  statement  shows  the  total  value  of  each  class  of 
stock  on  January  1,  1889,  as  compared  with  the  same  date  in  1888, 
with  the  increase  or  decrease  during  the  period: 


stock. 


Honieii 

Mulos 

Milch  cows 

OxeiQ  and  other  cattle 

Shoep 

Swiue 

Total 


looO. 


$946,006,154 
174, 858.. ■568 
366.252,173 
611,750.520 
89.279,926 
220,811,082 


2,409,043,418 


1889. 


$082,194,827 
179,444,481 
366,226,376 
597,236,812 
90,&K),369 
291.307,198 


Increase  or 
decreoste. 


+$36.098,G7« 
-f    4,500,918 

26,  ;w 

-  14,518.708 

1,300,448 

70,496,111 


t 


2,507,050,058 


+  96,006,640 


In  connection  with  the  foregoing  statement  the  following  table, 
showing  the  average  value  per  head  of  each  class  at  the  same  dates, 
is  presented: 


stock. 


Horses 

Mules 

Milch  cows 

Oxen  and  other  cattle 

Sheep 

Swine 


Increase 

1888. 

1889. 

or 

decrease. 

$71.  «2 

$71.89 

-l-$o 

>.fl7 

70.78 

79.49 

.» 

24.  <V5 

S«.M 

_ 

.71 

17.79 

17.05 

_ 

.74 

2.a5 

2.13 

.  . 

.08 

4.08 

1 

5.79 

.81 

During  the  past  ten  years,  or  from  1880  to  1889,  inclusive,  the 
changes  in  the  relative  values  of  the  different  classes  of  stock  have 
been  very  marked.  At  the  beginning  of  that  period  horses  aver- 
aged 85-1.75  per  head,  and  they  have  since  advanc^ed,  almost  steadily, 
to  871,89,  an  increase  of  31  per  cent.  Mules  have  almost  equaled 
this  showing,  the  price  per  head  advancing  from  861.2(3  to  $79.49,  or 
nearly  30  per  cent.  In  the  case  of  milch  cows  values  have  been  more 
stable,  the  fluctuations  from  year  to  year,  as  a  rule,  not  amounting 
to  more  than  $2  per  head,  while  between  the  first  and  last  years  of 
the  period  nanie(I  the  advance  has  amounted  to  only  67  cents,  or  from 
$23. 27  to  $23. 94.  Oxen  and  other  cattle  show  a  more  decided  advance 
than  do  cows,  the  average  value  in  1889  standing  at  $17.05  against 
$16.10  ten  years  before,  an  increase  of  6  per  cent.  Sheep  alone  show 
a  decline  in  value  during  the  period,  beginning  with  $2,21  per  head 
and  averaging  now  but  $2.13,  or  a  decline  of  nearly  4  per  cent.  The 
numbers  of  swine  fluctuate  considerably  from  year  to  year,  more 
than  any  other  class  of  animals,  from  the  fact  that  they  early  reach 
maturity,  enabling  breeders  to  quickly  meet  any  extra  demand  by 
an  increase  of  numbers,  or  to  send  a  present  surplus  to  butchers  with- 
out impairing  the  future  supply.  This  easy  exi>ansion  or  contraction 
of  herds  makes  a  comparison  of  prices  at  two  periods  less  fair  than 
in  the  case  of  other  stock.  Changes  in  average  val  ue  occur  quicker 
and  are  more  marked,  perhaps  fluctuating  widely  between  the  dates 
chosen.  In  1880  the  average  was  returned  at  §4. 28  against  $5.79  at 
the  pr(»sent  date,  an  advance  of  35  per  cent.,  though  during  the  x^eriod 
the  value  reached  both  a  lower  and  a  much  higher  point. 

The  accompanying  statement  of  values  yearly,  from  1880  to  1889, 
will  show  the  annual  changes  during  the  x)eriod  under  consideration: 
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Table  Bhotoing  the  estimated  number  of  antmaU  on  fartiu,  etc. — Contmoed. 
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Oxen  and  oUer  cattle. 
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states  and  Territories. 
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CONDITION  OF  FARM  ANIMALS. 


HORSBS. 

The  condition  of  horses  at  the  close  of  the  winter  of  1888-'89  is  bet- 
ter than  usual,  owing  to  the  mildness  of  the  season.  It  is  repre- 
sented by  the  average  percentage  98. 4»  an  unusually  high  figure. 
The  lowest  average  is  in  New  Mexico,  which  returns  5  per  cent,  be- 
low noimal.  The  Southwestern  States  report  their  horses  three 
points  below  full  condition,  as  well  as  Georgia  and  Alabama;  and 
New  Hampshire  and  Vermont  make  tjie  same  aven^ges.  The  l^ 
weather  of  September  in  New  England,  the  frosted  herbage  and  in- 
jured corn,  were  not  a  good  preparation  for  wintering  horses.  Da- 
kota also  suffered  from  early  frost,  and  reports  a^neral  average  of 
96.  Ohio  and  Illinois,  at  98,  show  good  condEion^  but  sdightly 
lower  than  many  other  St^s.  As  a  whole,  the  condition  of.  horses 
shows  how  favorable  the  season  has  been,  and  with  what  care  and 
liberality  of  feeding  our  farmers  treat  this  favorite  and  valuable 
animal. 

The  cases  in  which  any  serious  disease  has  been  prevalent  over  any 
considerable  district  are  remarkably  few  in  number.  The  usual  list 
of  diseases  is  reported.  Diseases  of  a  contagious  nature  are  reported 
in  a  few  localities.  Pink-eye  is  mentioned  occasionidl^,  the  cases 
generally  appearing  in  a  mild  form  and  in  the  middle  latitudes.  An 
occasional  mention  of  glanders  is  made.  Attacks  of  oharbon  and 
deaths  from  buffalo  gnats  are  less  frequent  than  usual  in  the  South- 
west. Pneumonia,  lung  fever  and  other  lung  diseases,  strangles,  diph- 
theria, laryngitis  and  other  diseases  of  the  throat,  catarrnal  fever, 
catarrh,  nasal  gleet,  kidney  troubles,  congestion  olihe  bowels,  influ- 
enza, coughs,  colds,  rheumatism,  brain  fever,  cerebro-spinal'  menin- 
fitis,  farcy,  sweeny,  "  bic;  head,*'  "  big  shoulder,*'  a  few  oases  of  skin 
isease,  and  a  few  of  hydrophobia  are  diseases  mentioned,  some  of 
them  as  prevalent  in  one  county  or  more,  but  none  of  them  as  pre- 
vailing over  large  districts  or  in  any  considerable  numbeor  of  local- 
ities. 

The  losses  from  all  causes  for  the  entire  country  average  1.5  ner 
cent,  as  compared  with  1.8  a  year  ago.  The  table  on  losses  given  be- 
low, when  compared  with  the  corresponding  teble  for  last  Teaxv 
shows  a  noticeable  reduction  in  the  percenti^  in  many  of  the  States 
and  Territories  in  which  animals  are  provided  with  comparatively 
little  shelter  through  the  winter  season.    There  are  States  and  Ter* 
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ritoriea  in  which  there  is  little  or  nn  rednctioii,  or  even  an  increase, 
in  the  percentage;  while  tlie  reduction  is  (juite  marked  in  eome  of 
the  States  in  which  th(^pi''.visian3  for  shi-lter  ai'e  jceufrjiUy  good. 
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Cattle  come  out  of  winter  quarters  in  iinHsually  high  condition  both 
as  regards  flesh  and  general  health.  Hay  anil  forage  were  gener- 
ally abundant,  the  winier  comparatively^ild,  especially  in  sections 
where  the  loss  fr»m  stress  of  weather  is  usually  greatest,  and  as  a 
consequence  vigor  was  well  maintained  during  the  winter  nionthB. 
Spring  pasturage  was  available  earlier  than  usual  in  nearly  all  sec- 
tions of  the  country,  and  with  the  present  good  status  of  stock  the 
coming  season  should  be  a  prosperous  one  to  stock  growers,  at  least 
so  far  as  the  health  and  exemption  from  losses  of  the  herds  is  con- 
cerned. There  are  occasional  reports  of  poor  condition,  but  usually 
from  very  limited  areas  and  from  purely  local  causes.  Scarcity  of 
food  and  consequent  thinness  in  flesh  is'the  usual  complaint,  with 
some  references  to  poor  condition  resulting  from  exposure  in  spite  of 
the  comparatively  mild  winter.  These  unfavorable  returns  are,  how- 
ever, very  scattering,  and  serve  mainly  to  show  by  contrast  the  gen- 
eral high  averages. 

As  usual,  condition  ia  highest  in  New  England  and  the  Northern  . 
Middle  States,  attributable  almost  entirely  to  the  care  in  housing 
and  feeding  stock  which  is  shown  in  this  section.  In  spite  of  a  more 
rigorous  climate  and  longer  winter-feeding  season,  our  returns,  year 
after  year,  show  bettor  status  her<!  tliaii  in  those  section*  which  by 
nature  are  more  favored.  Proper  feed  and  shelter  ai'e  jirovided,  and 
the  increased  care  and  attention  necessury  are  fully  repaid  by  the 
better  health  and  fattening  posail>ilitie.s  of  the  stock.  Animals  un- 
derfed and  exposed  to  winter  blasts  are  sf>  reduced  in  vitality  that 
the  greater  i)art  of  the  summer  is  passed  in  recovering  from  the  ef- 
fects of  the  abuse,  and  their  existence  becomes  a  constant  struggle. 
While  pasturage  exists  they  are  storing  up  vitality  to  be  needlessly 
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wasted  during  the  inclement  season,  growth  is  checked,  and  full  de- 
velopment made  impossible* 

The  present  returns  show  that  along  the  Atlantic  coast  as  far 
south  as  Virginia,  condition,  as  regards  healthfulness  and  flesli,  is 
almost  perfect.  With  100  representing  perfect  condition,  only  two 
States  fall  below  99,  a  condition  seldom  reported  over  so  large  an 
area.  In  the  Gulf  States,  where  less  feed  and  shelter  are  required, 
and  less  than  necessarjr  are  always  given,  the  returns  are  lower,  the 
whole  district  not  varying  far  from  95.  North  of  the  Ohio  River  the 
effect  of  better  care  is  visible,  the  averages  ranging  from  97  to  99. 
In  the  ranch  regions,  where  usually  conaition  is  low  as  cattle  enter 
upon  spring  pasture,  the  present  returns  show  how  favorable  the 
past  winter  has  been.  In  this  section  the  attention  paid  to  the  se- 
curing of  winter  feed  and  shelter  is  steadily  increasing,  and  the  an- 
nual losses  as  steadily  decreasing. 

Less  than  the  usual  run  of  bovine  diseases  are  mentioned  by  corre- 
spondents, and  there  have  been  no  epidemics  or  serious  loss  from  any 
wide-spread  disease.  Disorders  have  been  local  and  isolated  in  charac- 
ter, and  have  appeared  among  individual  herds  rather  than  in  counties 
or  even  smaller  definite  districts. 

Blackleg  is  occasionally  met  with  among  young  and  thrifty  cattle, 
esj)ecially  where  pasturea  on  low,  rich  ground.  Murrain,  a  name  in- 
cluding many  different  and. obscure  disorders,  is  mentioned  in  a  num- 
ber of  counties  in  the  States  from  Alabama  to  Arkansas,  but  the  loss 
has  been  slight,  generally  much  less  than  usual.  Diseases  following 
from  exposure,  wet  weather,  and  occasionally  insufficient  food,  are 
mentioned  locally  in  Florida,  Alabama,  and  Mississippi.  Charbon 
and  the  bite  of  the  buffalo  ffnat  cause  annually  3ome  loss  m  Louisiana, 
but  the  present  reports  make  very  little  complaint  from  these  causes. 

Pleuro-pneumonia  is  mentioned  less  frequently  than  for  many 
years.  Neither  the  disease  nor  anything  mistaken  for  it  is  men- 
tioned in  any  State  except  New  York,  New  Jersey,  and  Maryland, 
and  in  these  States  almost  invariably  in  counties  adjacent  to  the 
large  cities  whicli  have  heretofore  been  centers  of  infection.  This 
disease  has  been  persistently  and  successfully  fought,  and  to  all  ap- 
pearances is  in  a  fair  way  to  be  stamped  out  entirely.  When  men- 
tioned by  our  correspondents,  it  is  usually  with  a  statement  that  it 
is  under  control  and  that  no  alarm  is  felt.  The  report  from  Burling- 
ton County,  N.  J.,  fairly  represents  the  tenor  of  tne  reports  from  all 
otlier  counties  where  the  disease  is  noted.  It  says:  "  Wliile  no  dis- 
ease can  be  said  to  be  unusually  prevalent,  pleuro-pneumonia  was 
introduced  on  some  farms  by  purchased  stock,  but  it  has  been 
promptly  met  by  isolation  and  the  slaughter  of  those  affected.  We 
are  favored  with  medical  officials,  alert  and  skillful,  to  whom  we  are 
indebted  for  the  restraint  and  eradication  of  the  disease." 

The  correspondent  for  San  Benito  County,  Cal.,  thus  reports 
the  ravages  of  an  obscure  disease:  **  On  the  Topo  grant,  lying  in  both 
San  Benito  and  Monterey  Counties,  nearly  all  died.  Experts  differ 
about  wliat  the  disease  was,  some  calling  it  Texas  fever^  others  an- 
thrax or  murrain." 

Losses  of  cattle  from  disease,  exposure,  and  all  causes  during  the 
past  year  have  been  verv  light.  A  mild  winter  and  generally  suffi- 
cient' fora":e  have  jointly  materially  lowered  the  usual  death-rate. 
Last  year  tlie  losses  were  spoken  of  as  considerably  under  the  average 
for  a  series  of  years;  the  present  returns  make  the  aggregate  loss,  in 
spite  of  tlio  increased  numbers  of  cattle,  still  smaller,  or  less  than 
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one  and  a  quarter  million  head,  against  nearly  one  and  a  half  million- 
The  loss,  both  by  percentages  and  by  actual  numbers,  is  largest  in  the 
South  and  in  the  Territories,  but  in  almost  every  State  it  is  reported 
less  than  that  of  tho  previous  year.  By  far  the  larger  part  of  it  ia 
due  to  exposure  and  partial  starvation,  Tho  loss  in  New  England 
and  the  North  Atlantic  States  ranges  from  1  to  3  per  ceut^  in  tbo 
South  Atlantic  and  Gulf  States  from  2.1  to  3.5,  except  in  Florida, 
where,  on  account  of  the  excessive  rtJn-fall  of  the  winter,  mortality 
reached  the  unusual  figure  of  5.5  per  cent.  The  States  of  the  Ohio 
Valley  ami  the  Northwest  return  small  loss;  less  than  2  per  cent. 
West  of  the  Mississippi,  as  usual,  it  was  gi-euter,  ranging  from  1.8 
in  Kansas  to  4.3  in  New  Mexico.  Tho  average  loss  for  the  country 
was  2.4  per  cent,  of  all  cattle,  a  figure  much  lower  than  the  average 
for  a  series  of  years.  Tho  loss  dunng  1887-'88  was  2.9;  that  reported 
for  188C-'87,  4.4,  against  4  for  1885- 8(5,  and  ^.2  for  1884-'85. 

The  following  statement  shows  the  aggregate  number  of  cattle  in 
each  State  and  Territory,  with  the  percentage  and  the  aggregate  of 
loss  in  each: 
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The  past  season  has  been  very  favorable  to  the  condition  of  sheep, 
which  averages  for  the  entire  country  Q7A  on  the  basis  of  100  as  the 
standard  of  normal  healthfulness  and  average  condition  as  to  flesh. 

But  little  serious  disease  is  reported  from  any  part  of  the  countrjr, 
but  the  plague  of  sheep-killing  dogs  is  unabated,  and  the  pre-emi- 
nence of  these  animals  as  a  cause  of  loss  to  sheep-ownera  is  even  less 
disputable  than  usual.  Their  ravages  are  most  general  in  the  South, 
but  a  number  of  counties  in  Northern  States  report  exceedingly 
heavy  losses  from  their  depredations. 

The  percentage  of  losses  during  the  twelve  months  from  April  1, 
1888,  to  April  1,  1889,  has  boon  light,  being  only  3.8  as  conipared 
with  4.6  for  the  twelve  months  ended  a  year  ago.  In  all  the  States 
and  Territories  except  eight  the  percentage  of  losses  is  reduced,  and 
in  a  number  of  cases  the  reduction  is  large. 


itEPOBi  OF  uns  aTArtanmAS. 


SUteB  and  Terdtories. 


■U.4I0 

ST.  7(50 
W.lffl 


H4QS.  ' 

Hogs  have  ^ared  with  other  classes  of  fann  animalfl  in  th€  ad- 
vantages of  a  mild  winter  with  ahnndant  food.  They  are  now  in  ffeo- 
orally  better  condition  as  to  health  and  flesh  tiian  nsnal  at  this  time. 

The  ravages  of  diseases  have  heen  much  smaller  thaji  nsoal  dnrin^f 
the  year,  while  losses  from  exposure  and  other  causes  have  heen 
practically  nothing.  Cholera,  a  designation  which  is  made  to  inclnde 
almost  any  fatal  disorder,  is  as  usual  reported  &om  almost  every 
section  of  the  country,  but  only  in  scattered  localities  was  the  loss 
heavier  than  usual. 

The  aggregate  of  loss  amounts  to  3,106,513  head,  or  6.2  per  cent.* 
of  the  whole  number.  This  percentage  is  smaller  than  for  recent 
years,  the  returns  for  1888  matring  it  7.8;  for  1887, 13.4;  for  1886,  IJ, 
and  for  1885,  9.1.  The  following  statement  shows  both  the  aggre- 
gate number  and  the  losses  of  the  year: 
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COMMERCIAL  MOVEMENT  OP  FARM  ANIMALS. 

The  receipts  and  shipments  of  cattle  ropfii-ted  a,t  Ghici^o,  Saint 
Lonis,  Kansas  City,  and  Peoi'ia  for  tlie  years  lS7tt  and  JSSS,  respect- 
ively, are  as  follows: 


1878. 

IHBH. 

atbs. 

^^ 

(■:tie». 

-.     ..           

RBceiptB.    ShipmeoU. 

I.08S.088        m,v» 
ira:^  1     iia'.Wi 

80,CW8           4E,Sa6 

iSfe;;:;;£;;; 

Peoria 

■  ni; -MB       «:•» 

The  i-eceipts  at  these  markets  have  much  more  than  doubled  in 
ten  years,  increasing  from  1,700,735  to  4,284,958,  a  gain  of  'i,5&i,Z17. 
The  shipments  have  advanced  more  slowly,  from  1,134,918  to  3,066,* 
173,  a  gain  of  981,355.  Chicago  has  maintained  ascendency,  keeping 
nearly  the  old  proportion  of  shipments.  Kansas  City  advanced  froin 
175,344  to  1.05C,08C,  a  rate  of  increase  ntnch  f^i'Ciiter  than  that  of 
Chicago.  The  differences  between  rcc<fi|its  iv.nl  sliipments  if  they 
represented  the  entii-e  trade  of  each  mai'kot,  iia  they  do  not  exactly, 
would  show  the  number  slanghteretl  in  each  place,  both  for  local 
consumption  and  for  shipment  as  dressed  Ijeef  and  beef  products. 

The  receipt-s  of  cattle  at  aea-board  cities  are  les.s  than  they  were  ten 
years  ago,  a  fact  not  due  to  a  decrease  in  consumirtion  of  Western 
beef,  but  to  a  radical  chan^  in  its  transportation  to  market.  The 
suffering  and  deterioration  incident  to  live-stock  transit  by  railway, 
and  the  gi-eater  expense  of  transportation,  have  given  an  impetus  to 
dressed-nieat  shi[>]nciit8  in  refrigerator  cai's,  the  results  of  which  are 
•exhibited  in  the  figures  showing  decline  in  Westorn  shipments  and 
in  sea-board  receipts. 

The  aggregate  receipts  at  the  jjrincipal  Eastern  cities  continued  to 
increase  till  1880,  and  have  declined  quite  steadilv'  since,  to  the  ex- 
tent of  fully  one-third  of  the  total  for  that  date.  The  following  table 
gives  the  record  since  1885,  except  that  those  of  last  year  are  not 
available: 

Receipts  and  sliipmenfit  of  Wtntern  markets. 


Cliicaefl. 

BalBt  TjHita. 

KflDKB 

t  L'lty. 
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III 
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SM.wB    MB,iar 

338.808  jl. -UBS, OHO 
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b. ■:.::::■■■■;;: 
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Reeeipt»  at  Eaetem  cities. 


ut 


Yeart 

X-„Y.,». 

BoMon. 

PhUadel- 

Toul. 

4S7  0ST 

HBMi 

■im.eoe 

as 

IStffl 

Its, STB 

III 

85.  IW 

SBT.SM 

f,T5,lM 

Is 

ii 

IS 

li# 

i» 

la 

101 

s 

^ 

1,  CIS,  607 

m 

SB?;:::::::::::. ::"-"■.-■::::::. ::::;;:::::":!! 

Tlic  increase  in  receipts  of  sheep  from  621,592  in  1876  to  2,336,377 
in  18SS.  indicates  a  rapidly  enlarging  consumption  of  mutton.  While 
the  difference  between  receipts  and  shipments  is  very  marked,  show- 
ing a  large  consumption  in  Western  mark^,  the  receipts  of  sheep  at 
the  sc.i-board,  instea^l  of  falling  off  like  those  of  cattle,  show  a  ma- 
terial advancL'  in  the  laat  ten  years.  The  records  of  receipts,  West- 
em  and  Eastern,  are  as  follows: 

Receipts  ^nd  MpmenU  of  Wettem  marM*. 


»""■ 

S^.tl^l». 

KauBafldtj. 

Peoria. 

Rei,'*iiitB 

9Jilpiiu>ntB. 

Receipts. 

Is 

iSiSi 

ais.im 

SSI 

4'M.Mg 

ShipraenlB 

Receipts 

Recelpla 

T- 

870 

'is 

xa.u» 

,11 

m 

1 

764 

S 

4W 
MS 

i 
1 

8S] 

in 

1 

Hl> 

m 

*r:78a 

1 
ill 

i 
I 
'( 

ir 

St 

IS 

SI6 

MS 

377 

3,iao 

W7 

goo 
av 

Nl 

8M 

m 

Ml 

ra 

8S4    ".". 
88S 

fiSS 

4M 

b;im 

11 

Seceipta  at  Eastern  cities. 


Yeai's, 

»..^ 

^ 

PblUllel- 
phla. 

54s!8aa 

i-i 

S:SS 

089,  MO 

ii 

naiiM 
locoai 

I7h!712 

™, 

iSS:-:;::::  ::::■■::::::- ::.::::::::;.::::;::: 

.S33,S6H 

as 

J.WT.TM 

s,aiG,n4 

SM.BIO 

ii 

4T«,7M 

M8,7» 
630.847 

S:. .::::::: 

S.MV.Wt 

iS ::::;;: 

S.1K).T4S 

a 

a'wolwT 

!S 

s>,w 
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BWINE. 

The  movement  of  swine  has  not  materially  increased  at  Western 
markets  in  the  last  ten  years.  The  exports  have  fallen  off,  oflfsetting 
the  increase  of  consumption  as  population  advances;  yet  the  Eastern 
receipts,  which  represent  the  consumption  of  a  population  continu^y 
increasing,  are  somewhat  larger  than  in  1878.  The  iigures  are  as  fol- 
lows: 

I^ceipfs  and  ghiptnenfs  of  Western  inarkeis. 


RecsiptB.  Shlpmenta. 


Receipts  at  Eagtem  cities. 


^^ 

N6W  York. 

B»„. 

PhUadel- 

».,.,„„. 

TdUL 

1,888,057 

1;SSS 

1>7  4») 

i,?»i,£ai 

S.T, 
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KS 

708.900 

i;i 

,,S:S 

i 

m 
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32U,Bei 
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ii 
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s.ses.sm 



jt^uip       ■       ■      ■       .    v., .  ,i.u.o.^^o-ji  i^v."^  "-     ---.jiouhas 

,1  jlisi  ,.  ,1.  ind  monthly  statistical  i^-jj^.w  ■  .vughoutthe 
">.r,  thro-  .        A  local  rates  of  freight  "r>on  the  prii  ,.pal  products 

•  B^ir-i'  ...    ..  . -5-  '"lesnecessar'    't    '"rm  cultivation,  from  im- 

,j... Aient  to  lark-     ■  -■ ''et  ("-''era,  by  rail  and 

—>.-  '  'uisporti'nf                 ^^"-    ^/oducts  to  foreign 

.  .1.  -       ..  -^c-ii->r    r     -'         jperation  upon  the 

1        .1  _^. .     .       .                                   ..    I'f^'iBt.irtns  het-veen 


BXPOBX  OP  TSB  OTATIBnCfAlT. 


448 


The  through  rates,  Chioago  to  Kew  York  anil  other  aea-board 
cities,  have  been  macli  lower  daring  the  ^tast  year  than  those  for 
1887.  They  were  very  steady  and  well  mamtaiaed  nntil  ahont  Jone 
1,  when  there  seemed  to  be  a  tendency  toward  a  rate  war,  wMoh 
continued  more  or  less  throughout  the  remainder  of  the.year. 

For  comparison,  the  following  table  is  OTesentnd,  showing  the 
rates  per  100  pounds  firom  Chicago  to  New  York  upon  the  first  day 
of  each  month  for  the  five  years  ending  1881  to  1888,  inclnslTe: 
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It  will  be  seen  by  the  above  tabid  titat  liT»  cattle  and  dressed  beet 
were  the  articles  affected  the  most  by  this  fight,  and  that  the  rates  on 
this  tra^c  were  lower  then  they  have  been  for  the  past  five  years  at 
least,  if  not  ever  before.  Grain,  flour,  and  live-sheep  rates  were  not 
affected  but  remained  steady  at  26  cents,  while  the  rates  upon  live 
hogs  and  hog  products  fell  from  30  cents  July  1,  to  18  cente  August 
1,  advanced  to  30  cents  November  1,  and  fell  to  25  cents  Decembw  1. 

The  following  statement  shows  the  average  rates  of  freight  upon  • 
com  and  wheat  from  Chicago  to  New  York,  via  the  three  great 
routes,  lake  and  canal,  lake  and  rail,  and  all  rail,  for  the  twelve 
years  1876  to  1887  inclusive. 

It  will  be  seen  that  while  the  rates  for  1887  were  lower  than  those 
for  1886,  they  were  higher  than  they  were  in  1885.  The  rates  f(A 
188S  were  lower  than  for  a  great  many  yeais,  with  the  exoeptiaa  of 
the  aU  rail  rates,  which  were  the  same  as  for  1881, 
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The  following  statement  shows  tlie  weekly  range  of  f reighta  on 
wheat  and  corn,  Chicago  to  Buffalo,  BufEalo  to  New  York,  and 
Chicago  to  New  York,  via  lakes  and  Erie  Canal,  for  the  years  1887 
and  1888 ; 


[In  cenU  per  buEbcl.] 


Wheat.  Cam. 


WhtaC.  Cora.  Whuat, 


Ui  New      Chlcaffo  Ui 


Wheat,  Cora. 


TRANSATLANTIC  llATKS. 


Tlie  cost  of  transporting  our  surplus  wheat  to  foreign  markets 
during  the  year  1888  fluctuated  greatly.  The  average  rate  for  the 
month  of  January  for  carrying  wheat  from  New  York  to  Liverpool 
was  4.8a  cents  per  bushel.  This  average  decreased  monthly  until 
April,  when  the  rate  was  lower  than  at  any  time  during  the  year. 
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Tilt'  averiige  t'of  tlio  yt'iu-  was  5.  ;!■!  cents,  which  was  a  slight  decrease 
fi'iHii  thu  yt'iii-  before,  aiul  the  lowest  average  since  1806.  The  ratea 
given  are  steimier  ratea,  no  busiheas  being  aoue  by  sailing  vessels. 
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AGRICULTURAL  EXPORTS  AND  IMPORTS. 

E-ipoi-ta  of  t!u:  products  of  iJomcatic  agrictdfure,  1887  and  1888. 
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Exports  of  the  products  of  domestic  agriculture^  1887  and  1888 — (continued. 


Articles. 


Animal  matter— €k)ntinued. 

Honey 

Oils: 

Lard gallons. . 

Other  animal * do — 

FroTisions,   comprising  meat  and  dairy 
products: 
Meat  products- 
Beef  products— 

Beef^  canned pounds. . 

Beef,  fresh do 

Beef,  salted  or  pickled,  .do 

Beef,  other  ciu^ do — 

Tallow do. . . . 

Mutton do — 

OleomaTj^arine— 

Imitation  butter do 

The  oil do 

Pork  products- 
Bacon do 

Hams do — 

,  Pork,  fresh do 

Pork,  salted  or  cured do 

Lard do 

Poultry  and  game 

All  other  meat  products 

Dairy  products- 
Butter  do 

,     .  Cheese do. . . . 

^  Milk 

Wax,  bees' do 

Wool,  raw do 

Total  value  of  animals  and  animal  matter. 


Bread  and  breadstuffs : 

Barley bushels. . 

Bread  and  biscuit pounds. . 

Indian  com bushels. . 

Indian  com  meal Imrrels. . 

Oats bushels. . 

Oatmeal  ^ pounds. . 

Rye bushels. . 

Rye  flour barrels. . 

wheat bushels. . 

Wheat  flour barrels. . 

All  other  breadstuffs  and  preparations  of, 
used  as  food 


1887. 


Quantities. 


975,103 
570,376 


43,050.588 
88,560,874 
36,387,188 

192,191 
68,278,403 

371,572 

834,574 
46,712,985 

364,417,744 

65,505,211 

28,930 

85,869,307 

321,533,740 


12,531,171 
81,255,994 


90,350 
257,940 


Total  value  of  bread  and  breadstuffs. 


Cotton  and  cotton-seed  oil : 
Cotton— 

Sea-island pounds. . 

Other  unmanufactiu*ed do 

Cotton-seed  oil gallons. , 

Total  value  of  cotton  and  cotton-seed 
oil 


1,305,800 

15,000,001 

40,307,252 

265.  .333 

440,283 

16,818,330 

357,256 

3,341 

101,971,949 

11,518,449 


8,021,497 
2,161,435,833 
4,067,138 


Miscellaneous : 

Broom  com 

Fruits  and  nuts- 
Apples,  dried pounds . . 

Apples,  green  or  ripe barrels. . ! 

Fruits,  preserved— 

Canned 

Other 

All  other,  green,  ripe,  or  dried j 

Nuts I 

Hay tons..' 

Hops pounds.. 

Oil  cake  and  oil-cake  meal do 

Oils: 

Linseed gallons. . 

Other  vegetable • 

?ioe pounds. . 

Seeds: 

Clover do. . . . 

Cotton do.... 


8,130,896 
501,868 


Value. 


$67,154 

519,274 
291,396 


3,462,982 
7,228,412 
1,972,240 

17,942 
2,83(»,300 

18,397 

88,a48 
4,670.131 

27,338,943 

5,975,727 

1,233 

5,640.094 

22,703,921 

28,284 

956,534 

1.988,698 

7,594,683 

258.971 

24,997 

78,002 


1888. 


Quantities. 


107,115,»45 


853, 
669. 
19,347, 
7(ri, 
179, 
450, 
216, 

90.710, 
51,950, 


405 
924 
3<U 
343 

im 

023 
IIH) 
781 
481 
028 


930.616 
617,787 


40.458,375 
as,  498, 273 
48.980,269 
83,151 
92.483,052 
224,738 

1,7^».327 
30,146.696 

331,806,708 

44,132,980 

63,187 

58,836,966 

297,740,007 


10,455,651 
88,008,468 


78,070 
22,164 


672,884 


166,768,662 


1.798.272 

204.423,785 

1,578,935 


207,800,992 


13,873 

260,721 

622,295,233 

119,  &40 

64i,'3^ 


7,982,390 
11,232,141 


170,634 

418.363 

1,382,872 

506,794 

29.489 

337,447 


218,006 

54.970 

7,309,691 

57.136 
6.5,689 
29,204 

630,850 
121,441 


650,884 

13,948.706 

24,278,417 

270,618 

832,664 

4,3^9,298 

78,788 

2,074 

65,789,261 

11,968,574 


Value. 


17.  W» 

509,614 
414,  e» 


8,889,077 
8,281,981 
3,606,479 
8,579 
4,268,668 
18,  Ml 

212,684 
8,290,128 

27.187,175 

4,968,458 

4,428 

4,868,691 

22,751,105 

25,496 

015,247 

1,884, 908 

8,786,804 

204,806 

20,654 

5,272 


109,882,048 


7,053,765 
2,267,067.061 
4,4:'8,697 


11,808,161 
489,570 


18.196 

6,793,818 

662,744,209 

98,184 


898,685 

18,8^,899 
6,218,665 


817,J 

668,680 

18,855,950 

766,006 

148,264 

180,488 

50,706 

10,068 

56.241,408 

54.7T7,n0 

741,150 


127.191,687 


1,672,828 

221,848,988 

1,925,789 


224,042,400 


100,651 


812.  ( 
1,878,801 

834,668 

68,680 

807,648 

27,784 

828,819 

1,208,000 

6,428,980 

58,040 
60.800 


1,000,005 
84,195 
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Easports  of  the  products  ofdomeatic  offHculture,  1887  and  188S— CkmtintiecL 


ArtioleB. 


HlfloeUaneouft— Continued. 
Seedft— €k>ntinued. 

Flaxseed  or  linseed buabela. . 

Timothy pounds.. 

All  other 

Tobacco: 

Leaf do.... 

Stems  and  trimmings do. . . . 

Vegetables: 

Onions bushels. . 

Peas  and  beans do — 

Potatoes do. . . . 

Vegetables,  canned 

All  other,  including  pickles 

Wine: 

In  bottles dozens. . 

Not  in  bottles gallons. . 

An  other  agricultural  products 


Total  value  of  miscellaneous  products. 

RBGAPITULATION. 


Total  value  of  animate  and  animal  matter 

Total  value  of  bread  and  breadstuffs 

Total  value  of  cotton  and  cotton-seed  oil  . . 
Total  value  of  miscellaneous  products 


Total  agricultural  exports 

Total  exports  of  domestic  manufacture 
per  cenr.  of  agricultural  matter 


1887. 


Quantities. 


6,600,004 


908,666,906 
11,868,196 


887,8SS 
484,864 


4,496 
289,607 


Valne. 


1981,048 
874,070 

95,687,988 
810,994 

78,515 
669,864 
818,980 
996,667 
196,448 

98,409 
101,679 
181,164 


1868. 


QuantttieA. 


87,965 
9,007,197 


940,196,681 
18,487,140 

66,795 
968,170 
406,880 


7,186 


40,185,860 


107,116,945 

165, 768, 669 

907,800,999 

40,186,859 


690,890,768 

706,099,998 

74 


VahM. 


i41»165 
117,677 
968,966 

81,607,778 
.  498,806 

64,161 
409,769 
808,196 
966.687 
140,684 

81,698 
901,595 
968,770 


86,048,896 


100,889,948 

187,101,667 

994,949,499 

86,948,806 


«498^966,080 

668,868,104 

78 


« In  this  compilation  of  domestic  agricultural  exports  sugar  and  mc^asses  are  not  induded,  beoanae 
they  are  mainlv  re-exports  of  foreign  production.  The  totals  differ  from  those  given  bj  the  Bureaa 
of  Statistics  of  the  Ireasury  Depcutment,  thev  having  included  sugar  and  molaBses,  **  ginseng  and 
roots,  herbs,  and  barks  not  otherwise  specified,^'  and  '*£^uooee  or  grape  sugar*'. 

Imports  of  agricultural  products^  1887  and  1888. 


Articles. 


Sugar  and  molasses : 

Suw 

Molasses 

Total  sugar  and  molasses 

Tea,  coffee,  and  cocoa : 

Tea • 

Coffee 

Cocoa  

Total  tea,  coffee,  and  cocoa 

Animals  and  their  products : 

Cattle 

Horses 

Sheep 

All  other,  and  fowls 

Bristles 

Butter 

Cheese 

Hides 

Meats- 
Preserved 

All  other • 

Mflk,  preserved  or  condensed 

Oil,  animal 

Wools 

Total  animals  and  their  products 

AG.  88 29 


1867. 


178,411,984 
6^  865, 475 


88,786,690 


lA,  771, 808 
1,670,018 


74,780,414 


l,taS,C68 
4,878,988 
1,945,788 

806,408 

1,174,886 

88^196 

874,861 

1,960,896 

8,617,186 

84, 818, 101 

87%  661 

460,000 

8,887 

16,484,479 


66,081,860 


1866. 


174,845,806 
5,4n,006 


79,786,801 


18,800,685 

60,607,680 

8;  951, 778 


76,180,068 


875,908 
6,406,868 
1,866,800 

866,:k04 

86,489 
1,814,006 
8^818,478 
8;a06»4B6 

817,885 
lB4;a8 

m,(m 

8,746 
16,887,817 


0B»78r,864 
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ImiHirla  of  agricultural  prodiwts^  1887    nd  1888 — Continued. 


Articles. 


Miscellaneous : 
Breadstuffs : 

Barley 

Indian  corn 

Oats 

Oatmeal 

Rye 

Wheat 

Wheat  tlour 

All  other  breadstutTH  and  preparations  of » used  as  food,  not  else- 
where specified 

Cotton 

Farinaceous  substances,  etc.,  not  elsewhere  specified 

Flax,  hemp,  jute,  etc.,  unmanufactured : 

Flax 

Hemp  and  all  substitutes 

Jute 

Sisal-g;ras8  and  other  vegetable  substances 

t'ibcrs  not  elsewhere  specified 

Fruits  and  nuts 


Hay 

Hops 

Malt,  barley 

Oils,  vegetable: 

Fixed  or  expressed — 

Ohve 

Other 

Volatile  or  essential . . 
Rice. 


Seed 

Silk,  unmanufactured* 

Spices: 

Ground  

Ungrouud  — 

Nutmegs 

Pepper 

All  other 

Tobacco,  leaf 

Vegetables: 

Beans  and  peas 

Potatoes 

Pickles  and  sauces 

All  other— 

In  their  natural  state  or  in  salt  or  brine 

Prepared  or  preserved 

Wines: 

Champagne  aad  other  sparkling 

Still  wine>< — 

In  casks 

In  bottles 


Total  miscellaneous. 


RECAPITULATION. 


Sugar  and  molasses 

Tea,  coffee,  and  cocoa 

Animals  and  their  products. 
Miscellaneous 


1S87. 


$0,178,308 
16,636 
29,579 
87,857 
10,790 
218,867 
3,302 

150,059 
583,928 
721,404 

1,922,182 
4,011,622 
0,616.128 
3,733,001 


;X),  608, 486 

790,894 

3,401,669 

158,368 


662,197 
1,096,050 
1,012,819 
2,060,879 
1,448,807 
19,642,797 

168,780 

539,291 
1,819,609 

958,752 
8,701,950 

607,858 
543,091 
387,177 

516,319 
296,911 

3,382,907 

2,345,565 
1,327,018 


72,964,864 


83,706,699 
74,789.414 
56,021,289 
72,1)64,864 


Total  imports  of  agricultural  products |    287,542,266 


♦  Include<l  for  the  firet  time. 


STATISTICS  OF  JAPAN. 


1888. 


d8,oro,o« 

90,607 
38,055 
87,515 
90 
466,886 
28,257 

117,870 
744.800 
905,991 

1.802,089 
6,984,837 
8,977,860 
5,480,804 

318, 188 
20,602,288 

979,524 
1,017,405 

164,685 


617,178 

816,819 

141, 6M 

8,018,901 

2,888,481 

19,981,682 

187,077 

608,660 

1,823,389 

014,778 

10,870,841 

2,100,187 

8,608,021 

416,968 

715,068 
350,346 

8,646,475 

3,287.008 
1,408,001 


100,888,442 


79,730,801 
76,180,088 
66,757,254 

106,888,442 


818,502,065 


Publications  of  the  Bureau  of  Statistics  of  Japan,  prepared  under 
tlie  direction  of  S.  Ishihashi,  are  acknowledged.  A  statistical  an- 
nual is  published  and  a  condensation  is  issued  in  Japanese  and 
French  for  foreign  circulation.  This  nation  exhibits  remarkable 
enterprise  in  statistics,  setting  an  example  to  some  of  the  European 
states  that  are  scarcely  gs  progressive  in  this  direction, 


W6 


POPtri^TION. 


On  the  3l8t  of  Deci^mber,  18SH,  tlie  population  of  the  Empire  em- 
braced 38,607,177  persons,  10.151, 4!>1  boing  males  and  10,Oo5,6S(5  fe- 
males. On  the  1st  of  January,  187D.  the  poimlation  was  35.;i;8,5S4, 
the  increase  since  tliiit  dtite  being  2,738,603.  Of  the  population  on 
the  31st  of  DecemhiT.  ISRG,  3.t3u  were  of  noble  rank;  l.il40.271  of 
thesamourai,  or  forjiicr  warrior  ci»ate;  and  3fi.563,47(j  of  the  com- 
monalty. The  avfr;i,tce  number  of  deaths  per  1,000  inhabitants  in 
1886  was  24.4;  the  nimiber  uf  births  87.0:  the  number  of  marriages 
8.19;  and  the  numlur  nf  rlivnreee  8.06.  The  high  divorce  rate  is  es- 
pecially noticeable,  Tlic  (n'cr.ij;-  number  of  persons  to  eaoli  house- 
hold on  December  31,  mm,  was  i.»7.  The  average  density  of  the 
population  at  the  same  date  was  361  to  the  square  mile. 

tbrritoriaIj  abba. 

The  total  area  of  the  Emnh'ti  is  set  down  as  34,794.36  square  ri, 
or  147,  655  square  miles.  The  area  of  taxablereal  property  is  stated 
aa  follows: 


OtBCrtpUon. 

Square  Icho. 

a™. 

l,Pt».7ffl.3 

!i,«4,BB0 

1?^"'*'"^^.'".^;:::;:::::: ::;;:::;:;:;;::::::;;:::;.:;;.-::::: 

18.CCH0M.B 

ai.0B0,BSi 

The  distribution  of  cereal  crops  in  1885  is  thus  given: 


■»- 

Ana. 

fMthm. 

Square  UlhD. 

i;fai.08i.r 

B,*n,ier 

8,TBB,I»B 

Kofccu.    ;    B,aholH, 

Wee 

Wheat,  barley,  and  o 

' 

The  average  rate  of  yield  is  as  follows:  Rice,  1.31  kokou  per  tan, 
or  36. 53  bushels  per  acre:  wheat,  barley,  and  rye,  taken  together,  0.78 
kokou  per  tan,  or  15.79  bushels  per  acTtt. 

To  the  table  from  which  those  fiourea  are  obtained  the  i-emark  is 
appended  that  tlie  returns  wliich  form  the  basis  of  the  figuitis  on 
production  are  a  little  below  the  tmth. 

The  extent  uf  the  forests  and  of  mountain  and  luiculti^'atoJ  lands 
belonging  to  the  state  in  1884  is  stated  as  follows: 


^SSin 


I  and  unmiltiTBtod  la 


n.R  '    lS.llM.m 
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FARM  ANIMALS. 


The  number  of  cows  on  the  31st  of  December,  1885,  is  stated  as 
617,676,  and  the  number  of  oxen  as  442,494,  making  the  total  of  cows 
and  oxen  1,060,170. 

The  number  of  horses  at  the  same  time  was  697,286,  that  of  mares 
850,946,  and  the  total  of  horses  and  mares  1,548,232. 


SILK  PRODUCTION. 


The  products  of  silk  reported  for  1885  (the  year  for  which  produc- 
tion is  reported  in  the  subsequent  paragraphs)  are  as  follows  : 


Description. 


Raw  silk 

Raw  silk  (inferior  quality). 
Floss  silk 


Pounds. 


4,046,117 

i,m,i» 

418,87s 


Cards  of  sUk-worm  eggs. 


Number. 
1,  US,  014 


The  statement  is  made  in  this  connection  that  the  product  of  raw 
silk  *given  in  the  official  document  represents  about  the  amount  of 
the  exports  of  that  commodity  to  Europe  and  America,  and  the 
opinion  is  expressed  that  if  the  quantity  consumed  in  the  interior 
were  included,  it  would  raise  the  total  product  to  800,000  or  900,000 
kwan,  or  6,625,360  to  7,453,530  poimds. 


PRODUCTION  OF  TEA. 


The  official  figures,  as  given  in  kwan,  with  their  equivalent  in 
pounds,  are  presented  below: 


Product  of  tea  in  1886 

Product  of  tea  called  '*  Bantcha '' 

Total 


Kwan. 


2,968,957 
2,488,971 


6,477,928 


Pounds. 


24,768,646 
20,612,911 


46,866,666 


The  statement  is  made  in  this  connection  in  the  official  report  that 
while  the  production  here  reported  is  but  little  in  excess  of  the 
amount  of  the  tea  exported,  the  domestic  consumption  of  tea  is  very 
large,  and  is  general  among  all  classes  of  the  Japanese  people.  The 
actuad  production  must  therefore  be  much  larger  than  tlie  above 
figures  would  make  it. 

PRODUCTION   OF  SUGAR. 


Description. 

Kwan. 

Pounds. 

Cane  sugar: 

Haw   

9, 552,  (MO 
2,005,838 

70,112,000 

Refined , 

16.611,748 

Total 

11,658,478 

05,728,847 

From  Chinese  sugar-cane: 
Raw 

15,280 
100 

is6,ao 

Beflned 

008 

Trkf jlI 

16,806 

vgr,sm 
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Of  beet  sugar  there  was  a  product  of  81,728  kwan,  or  676,847 
pounds,  aU  raw. 

It  is  stated  that  information  as  to  sugar  production  is  lacking  for 
many  locations,  and  that  the  figures  presented  are  consequently  oelow 
the  truth. 

PRODUCTION  OP  SAKE. 

The  number  of  distilleries,  breweries,  etc. ,  producing  sake  for  sale 
is  stated  at  16,425,  and  the  number  of  manufacturers  at  16,184.  The 
production  for  sale  was  as  follows : 


Deecriptioa. 


Xokcm. 


GMBoot. 


Oommon  sake 

DistiUed  spirit 

Other  kinds  of  sake. 


8,fi9«,788 
48,814 
00, 8M 


iai,a(w,7BB 

1,0W.8BI7 
8,410,106 


For  several  years  previous  to  1883  the  production  of  sake  was 
much  larger  than  at  present.  The  decrease  is  attributed  to  the  fact 
that  in  the  year  named  the  tax  on  sake  was  raised  from  2  y^n  to  4 
yen  per  kokou  (about  5  cents  to  10  cents  per  gallon). 

The  tax  on  sake  made  exclusively  for  household  use  is  only  80  sen  ^ 
(four-fifths  of  a  yen)  per  kokou  (2  cents  x)er  galloi^,  but  the  quantity 
which  may  be  made  at  this  rate  is  limited  ta  less  than  1  kokou 
(39. 7033  gallons)  to  a  household.  The  number  of  persons  who  manu- 
lactured  sake  under  this  provision  was  692.103,  ana  the  quantity  pro- 
duced was  572,995  kokou,  or  22,749,792  gallons. 


WAGES. 


./ 


The  average  dailv  wages  in  agriculture  without  board  for  1885  is 
stated  at  0.186  yen  (18.6  cents)  for  men,  and  0.121  jen  (12.1  cents)  for 
women.  The  average  monthly  wages  with  board  is  set  down  at  2.117 
yen  ($2,117)  for  men,  and  1.199  yen  ($1,199)  for  women.  Workmen 
employed  m  the  preparation  of  tea  receive  0.253  yen  (25.8  cents). a 
day,  and  day  laborers  0.199  yen  (19.9  cents).  In  domestic  service 
men  receive  on  an  average  1.889  yen  ($1,889)  per  month,  and  woman 
1.05G  yen  ($1,056)  per  month,  witn  board. 

EXPORTS  AND  IKPOBTS. 


The  annual  aggregates  of  value  for  1886 

Japanese  products  exxx)rted $47, 997, 9B7 

Foreign  products  imported ; . .    87,568,454 

Including  foreign  articles  re-exported  the  total  exports  amounted 
to  $48,870,472,  of  which  value  $1,528,761  renresented  coal  'and  other 
supplies  for  ships,  leaving  $47,341,721  as  the  value  of  commoditieB 
exported  to  various  foreign  countries.  The  total  imports,  including 
Japanese  articles  re-import^d,  amounted  to  $37,637,138. 

Prodmction  is  encouraged,  and  exports  of  domestic  raoducts  are 
increasing.  In  1880  the  oalance  of  trade  was  against  Japan  about 
9,000,000  ven;  now  exports  are  about  10,000,000  ven  in  ezeesB  of  im* 
ports.  The  imports  of  1880  and  1886  were  nearly  the  same^  bat  the 
exports  increased  in  six  years  68  per  cei^ 
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The  country  having  the  largest  share  in  the  foreign  trade  of  Japan 
is  the  T^nitea  States,  Great  Britain  standing  next  in  order.  The 
vahies  of  the  exports  to  and  imports  from  these  and  other  important 
countries  are  stated  below. 


I 

Coimtrjes.  i    Exports.         Imports. 


i-  -  - 


United  States •  |19,988,ai7 

Great  Britain !      4, 1»5.866 

Chinti    I      9,594,907 

France i      0, 632, 908 

Germany i         HC4. 469 


$4,355,068 

16,  Old,  066 

7,lSa.tftl 


It  will  be  observed  that  the  exports  to  tlie  United  States  are  nearly 
five  times  as  great  as  the  imports  therefrom,  while  the  imports  from 
Great  Britain  are  nearly  four  times  as  largo  as  the  exports  to  that 
country.  Jn  the  trade  with  France,  again,  the  exports  are  nearly  six 
times  as  large  as  the  imports,  while  in  the  trade  with  Germany  the 
imports  are  more  than  three  times  as  large  as  the  exports.  In  the 
trarde  with  China  there  is  some  approach  to  an  et^uality  between  the 
imports  and  the  exports. 

Of  the  47,997,967,  yen  (or  dollars')  worth  of  Japanese  products  ex^ 
ported  in  188G,  more  than  one-half  in  value  consisted  of  raw  silk 
and  gi'een  tea,  the  former  amounting  to  17,321,302  yen  and  the  latter 
to  7,511,864  yen,  or  both  together  to  24,833,220  yen.  Floss  silk,  silk 
waste,  silk  fabrics,  etc.,  amounted  to  3,201,881  yen,  rice  to  3,300,863 
yen,  pit  coal  to  j^,  208, 549  yen,  copper,  raw  and  worked,  to  2,148,841 
yen,  porcelain  and  pottery  to  1,034,139  yen,  and  lacquered  ware  to 
589,170  yen. 

Of  the  imports,  spun  cotton  amounted  to  5,905,457  yen,  sugar  to 
5,557,013  yen,  petroleum  to  2,368,498  yen,  iron  in  rods  to  1,209,713 
yen,  other  metals  to  1,328,258  yen,  and  manufactures  of  metal  to 
662,113  yen,  while  the  various  textile  fabrics  of  cotton,  linen,  wool, 
and  silk  amounted  in  the  aggregate  to  7,018,997  yen. 

A  comparison  of  1886  with  1882  shows  an  increase  of  14.9  per  cent, 
to  have  taken  place  in  the  imports  and  an  increase  of  28.2  per  cent, 
in  the  exports  since  that  year. 

RAILROADS,   TELEGRAPHS,    ETC. 

In  1885-'86  there  were  410  miles  of  railroad.  The  number  of  pas- 
sengers carried  in  187G-'77  was  2,931,855;  in  1885-86,  4,007,970.  Total 
receipts  in  the  same  time  advanced  from  1,284,400  yen  (the  Japa- 
nese aoUar)  to  1,490,393  yen. 

The  lines  of  telegraph  aggregate  a  length  of  2,217  miles  at  the 
former  date,  and  5,779  at  the  latter,  showing  remarkable  increase  in 
nine  years.  The  increase  of  telegrams  sent  was  from  017,077  to 
1,700,282. 

The  postal  savings-banks  numbered  161  in  1870,  1,409  in  1884,  and 
4,338  in  1885.  The  amount  deposited  increased  from  $58,350  in  1876 
to  $12,022,317  in  1885,  of  which  $8,005,424  remained  on  deposit  at  the 
end  of  the  year.  The  number  of  depositors  was  344,921.  In  this 
feature  Japan  is  in  advance  of  the  United  States.  ^ 

The  number  of  post-offices  was  4,137  in  1885;  there  were  29,438 
miles  of  post-roads;  and  there  were  97,210,019  letters  transmitted, 
besides  newspapers,  books,  and  merchandise. 

There  is  also  a  money-order  system,  with  880  offices;  833,300  orders 
were  issued  in  1885,  amounting  to  $7,110,531. 


KBPOBT  OV  VBX  SEASDnKtUS'. 


4tt9 


EGYPTIAN  AGRICULTURE. 

Tlio  area  in  crops  iu  Egyjjt  is  comparatively  smat),  Less  than  aii 
acre  per  capita  is  anmiaUy  cultivated.  Egypt  contains  abotit  175,000 
sitnare  miles,  much  of  the  territory  a  desert.  The  area  used  for  crops 
is  only  available  by  irrigation,  natural  or  artificial,  the  main  depenu- 
eucebein^the  a,nnual  overflowof  theUile,  But  little  over  5,000,000 
acres  are  in  oultivation.  less  than  one  to  each  head  of  population, 
The  population  of  Egypt  is  as  follows,  esolusiVG  of  the  oases  and  tllo 

fovernorats  (Cairo,  Alexandria,  Damietta,  Rosotta,  Port  Said,  Suez, 
11  Arish,  andKoaseir): 


IMurlpUoii  or  poiulauai. 

UyrvEgm. 

Upiwr  BgTpt. 

TotaL 

^gSSSSSu^.::::;::;::;:;;:::::::::::::::::;::;::::;::: 

J:IS:Si 

TVfX „ 

3.l»9.[»l 

a.TSS,ll66 

6,!«(i.B»r 

A  reo-eut  official  report,  based  on  the  replies  to  a  circular  of  whicli 
15,000  copies  were  addressed  to  the  sheiks  el  belerl  throughout  Egypt, 
has  bt^en  summarized  in  the  Freach  language,  and  furnishes  some 
interesting  data  in  regard  to  crop  areas  and  numbere  of  farm  animals 
in  that  country.  The  f  oUovring  table  shows  tho  areas  devoted  to  the 
different  crops,  as  expressed  in  feddans  and  in  acres,  with  tho  per- 
centage under  each  crop  or  class  of  crops  specified: 

Areaa  under  llie  different  eropn  in  1887. 


Crop., 

tOTOStypt. 

DpperEgj-pt- 

ToUL 

FOTOBUl- 

is 
•Is 

.tow. 
041,136 

as 

Sffi 

Si 
Is 

Ftddant 
ffi,I80 

Si 

i 

u,m 

sis 

i.mo 

Arm. 

11 

4.733 

1 

aim 

1.3M 

i 

i.sm.m 

11 

i 

go™  ■■ 

S.si 

n 

gSS^""^  "^^  ■:::■■ 

i.ffl 

1 

liTOS 

.at 

Cblet  eeait,  UdDvlKw>.eia 

■"o 

8MU^,c^nort^;^ 

■!S 

],a«i 

..ai 

vi^^^i^ :;:::::: 

•■•js 

.,»«, 

J,5w,n« 

'■■"^^fit 

.,».» 

l,lii»,nM 

i«i.<» 

The  cereals  and  other  food-crops  for  man  and  beaat  occupy  by  far 
the  larger  part  of  the  total  crop  area,  but  the  principal  crops  pro- 
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duced  for  the  market  are  cotton  and  sugar-cane,  the  first  of  which  is 
cultivated  chiefly  in  Lower  and  the  second  almost  exclusively  in  Upper 
'Egypt,  where  it  is  confined  to  certain  districts  in  which* there  are 
sefi*(i;ummer)  canals. 

The  areas  embraced  in  the  alx>ve  table  represent  in  part  land  on 
which  more  than  one  crop  was  grown  during  the  year,  and  though 
the  crops  specified  occupied  an  aggregate  area  of  0.134,364:  feddans, 
they  were  actuallv  grown  on  4,1'01.402  feddans  of  cultivated  land. 
The  oj)erations  of  ^g}7>tian  agriculture  are  arranged  with  reference 
to  three  seasons.  Chit  wi.  Sefi,  and  Eili,  each  of  which  has  its  appro- 
priate crops. 

In  the  French  sum^marv' of  the  report  above  referred  to  these  words 
are  respectively  rendered  hy  the  words  h  iver.  e/e,  and  automne  (winter, 
summer,  and  autumn),  but  it  is  more  sj^ecifically  stated  that  CSiitwi 
extends  from  October  to  May,  Sefi  from  April  to  October,  and  Nili 
from  August  to  October,  from  which  it  appears  that  there  is  consid- 
erable overlapping  between  some  of  the  crops  of  different  seasons. 

The  dates  for  the  agricultural  work  of  the  different  seasons,  and 
the  times  within  which  the  seasons  respectively  end,  are  stated  as 
follows: 


Seasons. 


Tillage. 


Sowing. 


End  of 


Chitwi Beginning  of  November. 

Sefi End  of  November 

Nfli July 


Middle  of  November. . ,  Xay-Juhr. 

End  of  March Octobar-Norember. 

July Seplember-OctolMr. 


From  this  statement  it  would  seem  that  the  gathering  of  the  differ- 
ent crops  of  each  season  extends  over  a  considerable  period,  accord- 
ing to  their  respective  times  of  ripening,  etc. 

The  following  table  shows  for  each  of  the  three  seasons  the  por- 
tions of  the  total  area  of  cultivated  land  under  crop  and  the  portions 
not  so  occupied: 


Seasons.      Territorial  divisions. 


Chitwi 


Lower  Egypt 
Upper  Egj-pt. 


Under  crop. 


Cultivated  area  not  under  cn^ 


Feddans.      Acres. 

I 

I 


1.918,600  :  2.022,985 
3,006,776  !  2.0ti2,196 


Total I    8.354.406     4,105.181 


Per 

cent,  of 

total. 


71.02 
90.45 

79.70 


Sefi. 


Lower  Ijrvpt 
Upper  Egj-pt. 


1.017.557     1.056.  at* 
2t3,6G8        £M,476 


87.09 
12.79 


Km. 


Total . . . . 

Lower  Egjrpt. 
Upper  Egypt. 

Total . . . . 


1.301.225     1,850.802 


20.22 


601,019 
277,024 


623.949  . 
288,201  - 


21.90 
12.  .52 


878,673    912,150    17.70 


Acres. 

Per 

cent,  of 

totaL 

795.800  i      825,001 
211,096  j      219,  TBS 

28.98 
9.66 

1.006,996  >  1.015.868 

90.80 

1,7^.438  i  1.7«2,210 
1.988.801     2.007,482 

82.91 
87.81 

8,660,287     8.799.098           73.78 

2.142.941     2,224.687 
1.939.818  .  2,013, <B6 

78.10 
87.48 

4,082,789  4,288,318 


88.80 


Adding  the  area  under  crop  during  any  one  of  the  three  sea- 
sons to  the  area  of  cultivated  land  not  then  under  crop,  but  cropped 
in  at  least  one  of  the  other  two  seasons,  we  obtain  the  following  as 
the  total  area  of  cultivated  land  for  the  year;  that  is,  of  land  which 
was  under  crop  in  at  least  one  of  the  three  seasons: 
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Territorial  divisions. 

Feddans. 

Acres. 

Lower  Ei;yi)t 

2,748,990 
2,217,472 

2,848,586 
2,801,958 

Upper  Egv'pt 

Total 

4,961,462 

5,150,494 

Calling  this  area  100,  and  placing  it  in  comparison  with  the  areas 
under  Chitwi,  Sefi,  and  Nili  crops,  and  also  with  their  sum,  we  have 
the  following  statement  of  areas  in  feddans  and  of  the  percentage 
which  each  area  forms  of  the  total  area  of  cultivated  land  under  crop 
within  the  year: 


Lower  Egypt. 

Upper  Egypt. 

Total 

Crops,  etc. 

Area 
in  feddans. 

Per  cent, 
of  culti- 
vated area. 

Area 
in  feddans. 

Per  cent, 
of  culti- 
vated area. 

Area 
in  feddans. 

Per  cent, 
of  culti- 
vated area. 

Chitw" 

1,948,090 

1,017,557 

601,049 

71.02 
87.09 
21.90 

2,005,776 
288,668 
277,624 

90.45 
12.79 
12.52 

3,954,466 

1,301,225 

878,678 

79  70 

Sefl 

26.22 

Nili 

17.70 

All 

3,567,296 

130.01 

2,567,008 

116.70 

6,1^,864 

128.62 

Total  area  of  cultivated  land. 

2,743,990 

100.00 

2,217,472 

100.00 

4,961,462 

100.00 

This  table  shows  that  through  raising  more  than  one  crop  within 
the  year  on  much  of  the  land  cultivated  the  total  breadth  of  crops 
considerably  exceeded  the  total  area  of  cultivated  land,  the  excess 
amounting  to  30.01  per  cent,  in  Lower  Egypt  to  15.76  per  cent,  in 
Upper  Egypt,  and  to  23.62  i^er  cent,  on  a  general  average  for  the 
whole  country. 

In  the  year  1887  the  crops  of  the  Nili  season  were  destroyed  over 
large  areas  in  Upper  Egypt  by  an  unusual  rise  of  the  waters  in  the 
overflow  of  the  In  lie,  but  in  Lower  Egypt  there  seems  to  have  been 
an  unusual  breadth  of  land  under  maize  and  doura,  which  contrib- 
uted to  maintain  the  average  as  regards  the  general  production  of 
the  country. 

The  following  table  shows  the  area  under  each  crop  of  the  Sefi  and 
Nili  seasons.  The  sum  of  these  two,  increased  by  the  crops  of  the 
Chitwi  season,  would  make  the  totals  given  in  the  first  table: 


Seasons. 


Sefl 


Nili 


Crops. 


Cotton 

Sugar-cane 

Doura  (Baladi) 

Doura  'Chanii) 

Rice 

Sesame  and  flax 

Indigo 

Henneh 

Pea-nuts  ifoul  Sondani) 

Pot-herbs,  onions,  etc 

Water-melons 

Total  area  of  the  Sefl  crops 

Doura  (Chami) 

Doura  (Baladi) 

Rice 

Legumes 

Total  area  of  the  Nili  crops 


Lower  Egjrpt. 


Feddans. 

797,337' 

5,085 

56,109 

68,110 

77,629 

2,200 

6 

893 

1,205 

7,588 

6,395 


1,017,557 


607,288 

67,640 

19,208 

6,928 


601,049 


Acres. 

827,716 

5,279 

58, '^47 

65,514 

80,587 

2,284 

6 

927 

1,261 

7,877 

0,639 


1,066,826 


626,610 

70,217 

19.985 

7,187 


628,049 


Upper  Egypt. 


Feddans. 

68,189 

65,009 

96,469 

24,922 

416 

2,708 

275 

64 

6 

9,252 

14,369 


288,068 


88,612 

171,157 

8,779 

14,176 


277,624 


Acres. 

70,787 

67,486 

102,221 

26,872 

482 

2,811 

286 

56 

6 

9,605 

14,916 


294,476 


91.884 

177,678 

8,928 

14,716 


888,201 


Total. 


Feddans. 
866,626 
70,094 
164,578 
88,062 
78,045 
4,906 
281 
947 
1,210 
16,840 
20,704 


1,801,226 


605,796 

288,797 

22,982 

21,099 


878,673 


Acres. 

808,506 

72,765 

160,467 

01,886 

81,018 

6,005 

292 

066 

1,266 

17,482 

21,666 


1,860,802 


618,496 

247,806 

28.867 

21,903 


912,160 
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FRUIT  TREES  ANP  VINES. 

Fruit  trees  occupy  but  a  limited  area,  and  while  tliey  are  produc- 
tive, their  cultivation  for  the  purpose  of  marketing  their  produce 
does  not,  except  in  two  or  three  provinces,  form  an  important  part 
of  rural  industry.  The  vine  is  tound  in  nearly  all  the  provinces, 
but  is  cultivated  only  on  a  small  scale,  though  it  is  of  late  receiving 
increased  attention.  The  moat  important  vineyards  are  in  Fayoum 
and  in  the  province  of  Beherah,  in  Lower  Egyjjt.  Olives  are  culti- 
vated in  a  few  provinces. 

The  following  tables  show  the  number  of  the  ])i*incipal  kinds  of 
fruit  trees  and  tlie  area  occuj^ied  by  fruit  trees  and  vines: 

Number  offniit  trees,  not  including  isolated  trees  or  trees  on  borders. 


Kinds  of  trees. 


Orange,  mandarin,  citron,  etc 

Pomegranate 

yi^,  peach,  apple,  pear,  apricot,  etc 

Total  fruit  trees,  except  dat«  trees. 
Pate  trees*  bearing  seed  or  fruit 


Lower  Egypt,  j  Upper  Egypt. 


887,078 

72,977 

251.  (»4 


59,367 
103,228 
203,917 


1,161,109  i 
1,097,552  ■■ 


366,512 
2,355,122 


2,258,681 


Grand  total 

*  Exclusive  of  278,000  producing  date  trees  in  the  oases. 

Area  under  vines  and  under  fruit  {other  than  date)  trees. 


2,721,634 


Total. 


896,  MB 
176,  aOK 

464,  «n 


1,527,681 
3,452,674 


4,960,286 


[Measurements  expressed  in  feddans  and  kerats.    1  kerat=^  feddan.] 


Description. 

Lower  Egypt. 

Upper  Egypt. 

TotaL 

Vtnes 

Fda.    Kt8. 
748    01 
4,416    05 

Fda.    Kts. 
780    07 
2,801    18 

F^.    Kts. 
1,528    08 
7,217    88 

1.687 

Pniit  (f^xcludinjr  d%*^)  trflw* 

7;« 

Total 

5,164    06 

3,582    01 

8,746    07 

9,060 

Besides  the  kinds  of  fruits  thus  far  mentioned  there  are  many 
others  which  are  cultivated  for  domestic  consumption.  These  in- 
clude bananas,  Barbary  figs,  medlars,  mangoes,  mulberries,  etc.,  "of 
which  it  is  impossible  to  estimate  the  number  of  plants." 


FARM  ANIMALS. 


The  following  table  shows  the  number  of  farm  animals: 


Animals. 

Cattle  (excluding  buffaloes) 

Buffaloes 

Camels 

Horses 

Mules 

Asses 

Sheep  and  goata 

Total 


Lower  Egypt. 


129,207 

163.264 

28.240 

13,922 

3,446 

114,726 

888,589 


841,394 


Upper  Egypt. 


81,006 

88,832 

28,767 

6,857 

898 

66,099 

669,010 


827,466 


Total. 


210,216 

251,606 

55,007 

20,779 

169,886 
967,609 


1,668,860 
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Since  188-t,  in  which  year  there  were  enormous  losses  from  an  epi- 
zootic, no  serious  disease  of  that  character  has  prevailed  among  live- 
stock, and  all  the  information  collected  sliows  a  considerable  increase 
in  cattle.  Hoyw  are  but  little  raised,  the  consumption  of  their  fiesh 
being  very  small. 

Poultry  raising  is  very  general,  but  it  has  not  been  possible  to  ob- 
tain the  number  of  hens,  chickens,  turkeys,  geese,  ducks,  guinea- 
fowls,  etc.  It  ia  eBtiioatetl  that  these,  together  with  rabbits  raised 
for  consumption,  will  amount  to  a  total  of  6,000,000  head.  Pigeons 
are  quite  numerous,  being  certainly  in  excess  of  10,000,000  head.  The 
raising  of  these  birds  ia  an  important  industry,  not  only  for  the  sale 
of  the  birds  themselves  for  consumption,  but  also  for  the  n^anur* 
which  thoy  supply,  and  which  is  much  prized  by  cultivators, 


EXPORTS   AND  AVERAGE   PRICES  OF  COTTON. 

By  conversion  of  Egyptian  denominations  into  tJieir  American 
equivalents,  the  following  table,  showing  the  exports  of  cotton  and 
its  average  price  in  the  Alexandria  market  for  each  year  from  18S1 
to  1887,  is  obtained  from  one  comprised  in  the  of&eial  rejxjrt  above 
refeiTeil  to,  wliich,  however,  was  compiled  in  part  from  commercial 
soui-cea,  a  report  of  the  Cotton  Supply  Association  of  Manchester 
being  drawn  upon  for  the  figures  on  exportation  from  1821  to  1859, 
inclusive: 


il 


HKnoaoDO 
E5,a(»,oi»  1 

HHO 

46.  an.  AM 
silino.ooa 


M.!(in;4i» 


PRODUCTION   FROM   SUGAR  CANE  IN  THE   DAIRA  SANIEH, 

The  manufactories  of  the  Dai'ra  Sanieh  use  about  three-fourths  of 
the  sugar  cane  produced  in  Egypt.  From  a  table  showing  in  Egyp- 
tian denominationa  the  quantities,  values,  and  prices  of  the  sugar 
(Nos.  1.  a,  and  3)  which  tney  produced  from  1877  to  1887,  inolusiv©, 
the  following  statement  in  our  denominations  is  derived; 
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r-„,. 

Product. 

Value. 

PricBperpooDi 

No.l. 

NO.S. 

No.  8. 

si.ar'ioo 

W  315  100 
IH,14T.30n 

75,  aw,  900 
a.wi.uuo 
7i,4(>n,aM 

ai.wi',  noo 

11 

4.7 

Cent*. 
4.1 

'^. 

1 

S 

AGRICULTURE  IN  AUTRALASIA. 

The  British  colonies  of  Australasia  are  seven  in  number,  New- 
South  Wales,  South  Australia,  Western  Australia,  Victoria,  and 
Queensland,  subdivisions  of  the  island  or  continent  of  Australia^ 
and  Tasmania  and  I^ew  Zealand. 

The  proKTess  in  the  past  twenty  years  has  been  remai'kable,  and  is 
comimrable  only  with  the  unequaletl  advancement  of  the  United 
States.  There  is  really  very  much  in  common  between  Australasia 
and  this  country;  the  superficial  area  of  each  {excluding  Alaska)  is 
about  the  same,  their  population  is  English-speaking,  and  their  ag- 
ricultural products  are  in  the  main  very  similar  to  ours.  The  differ- 
ence in  climate  is  not  material.  Moat  of  our  products,  except  cotton 
and  tobacco,  are  well  adapted  to  their  soil  and  seasons.  Australa- 
sian wheat  now  meets  us  in  the  world's  markets;  Australasian  meat 
competes  with  American  in  supplying  the  old  world's  workers  with 
cheap  food,  and  to-day  Australasian  wool  competes  with  ours  in  our 
own  home  markets.  Rapid  settlement,  improved  agi-icultnral  meth- 
ods, and  increased  rail  and  water  transportation  facilities  are  bringing 
the  antipodes  more  and  more  into  the  competition  which  now  bo 
sorely  presses  agi'icultnrists  of  the  older  countries  throughout  the 
world. 

The  following  statement  shows  the  s\iperficial  area  of  each  colony, 
according  to  the  latest  official  returns,  with  the  population  at  three 
periods.  In  all  statements  of  population  it  will  be  understood  that 
the  number  of  aborigines  ia  not  included.  The  native  races  are 
everywhere  on  the  decline,  and  are  nowliere  material  factors  in  in- 
dustry Or  progress. 


o^^ 

Area. 

PoputaUon. 

Sq.  miles. 

1801. 

187S. 

isec. 

809,175 
97S.B30 

aoamo 

210[44£ 

is 

l,001,9aB 

1 

8.WB,288 

8.IM.B14 

•■**■■ 
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Taking  the  official  reports  for  1881,  aad  eliminatiiig  as  far  as  pos- 
sible everything  except  gainful  callingSi,  the  workers  of  the  seren 
colonies  may  be  approximately  dividecT as  follows: 


OolonlBB. 

SKJ 

TnulPund 

andpe 

ion&l 

lAborers 
(undeaned). 

No. 

19.  *W 

P.d. 

Si 

at 

.V<i. 

S3 

i 

11 

7.6BT 
S0.1M 

P.rf, 
IB 
IS 

JI5.J30 
B.ISffl 

4!  481 

878.  M( 

WHUm  Auatnlls. . . 
New  South  WolM... 

tii.voa 

It  is  unfortunate  that  so  lar^  a  i)roportion  of  workers  Edionld  be 
reckoned  simply  as  laborers,  it  being  impo^ible  to  determine  to 
which  of  the -four  great  classes  they  pro^rly  heloi^.  DoabtleBS  a 
large  share  are  agricultural  laborers,  but  it  is  equally  probable  that 
a  larger  portion  are  unskilled  day  laborers  among  iJie  urban  popa- 
lation.  Putting  together  the  five  clasa^  for  all  the  oolonies,  we 
make  \ip  the  foTiowiTig  statpment  for  Anr»f.-mln,sia  in  Iflfll: 


QiiwiuU^vl, 

South  Anstr 

Now  South  W«lei. ." . 


891, BMi    IHOei  I    ItB.a 


The  manufacturing  industries  are  not  bo  highly  developed  as  the 
percentages  would  seem  to  indicate,  that  class  including  those  en- 
gaged in  working  the  mineral  resources  of  the  various  colonies, 
amounting,  probably,  to  half  the  class. 

The  governments  of  the  various  colonies,  recognizing  the  necessity 
of  a  thrifty  rural  population  owning  their  own  homes,  have  every- 
where made  provision  for  the  easy  transfer  of  lands  from  the  Crown 
to  actual  settlers  at  nominal  prices,  providing  cheap  homes  for  agri- 
cultural colonists,  the  public  domam  thus  becoming  a  considerable 
source  of  revenue.  The  laws  regulating  the  disposal  of  public  lands 
for  agricultural  purposes  differ  materially  in  the  different  colonies, 
and  in  most  of  them  have  undergone  numerous  changes.  Besides 
sales  in  fee-simple  there  is  in  all  some  plan  of  deferred  payments, 
by  which  the  settler  may  take  up  lands  within  a  certain  limit,  and 
pay  for  them  in  yearly  matallments.     In  addition  to  the  payments, 
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ill  all  tlio  (■iilniiies  s!i%-f  Wf^stevii  Australia  and  Tasmania,  it  is  neces- 
8aiy  tiirtt  iini»rovt'im'iits  t.i  n  cmlain  value  per  aero  be  placed  upon 
thi)  !i<»lding  witliiu  a  siRiiliwl  time,  while  in  Victoria.  South  and 
West<»rn  Australia,  and  Tasmania,  a  jjoi-tion,  ranging  from  10  to  25 
per  ceut.,  must  Ite  put  in  cultivation.  If  the  land  is  bought  under 
the  deferrwi -payment  plan,  residence  upon  it  for  a  certain  leugth  of 
time  is  necessary,  but  if  the  purchase  money  be  paid  in  full  the  i-esi- 
dence  clause  is  not  binding. 

The  principal  features  of  this  deferred-payment  system,  corit-cted 
up  U)  AnguHt,  18S7,  are  shown,  bo  far  as  it  is  possible  to  tabulate,  ia 
the  following  stattiraent : 


Victoria 

New  South  Wales 
Que«iiaLand; 

HoitiHileadfl   . 

Olher  8tl«1loi 

T*»nianla 

Ktw  Zealand 


i 

i 

1 

i  I. 

nan 

f 

1^ 

1 

Ymr,. 

e 

1 

li 
1 

lii 

3 

'i 
f 

r 

(•) 
(t) 
(i) 

10  0 
(!) 

10 

Yn. 

B 

..*. 

» 

1- 

' 

» 

6 

In  New  South  Wales  the  price  per  acre  does  not  include  iutereflt, 
for  which  4  per  cent^per  annum  is  charged.  The  area  which  may  !» 
taken  up  varies  in  diffJ.'rent  diatricts.  The  first  payment  is  2s.  per  acre, 
in  advance.  In  South  Australia  10  per  cent,  of  the  purchase  money 
is  paid  in  advance,  10  more  at  the  fourth  year,  and  6  at  the  first  of 
each  folIowin(f  year.  In  Tasmania  one-third  is  added  to  the  price  aa 
interest  for  the  period  of  fourteen  yeara.  In  all  the  colonies,  when 
purchase  payment  is  completed  the  residence  clause  is  no  longer 
binding. 

Only  one  colony  has  a  homestead  system  approaching,  even,  the 
munificent  plan  which  our  Government  has  followed  in  giving  homes 
to  the  homeless.  In  New  Zealand  .30,000  acres  per  annum  can  be  dia- 
powed  of  without  payment.  With  a  residence  of  five  years  and  a 
cultivation  of  one-third  of  the  area,  the  selector  can  claim  hie  Crown 
grant ;  no  family,  however,  to  hold  more  than  200  acres. 

Under  the  various  systems  of  alienation  a  large  area  of  the  avail- 
able public  lands  of  the  colonies  has  passed  into  the  hands  of  settlers, 
either  for  HHi'iculturiil  or  jiastoral  jiurpnses.  Up  to  the  close  of  1886 
the  t<ital  land  alienated  and  in  process  of  alienation  is  thus  shown  : 
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Colony. 


Victoria 

New  South  WiiU-s  . 

QuocMislaud 

South  AuKtraha  . . . 
Western  Australia. 


Total  . . 
Tastnauia. . . . 
New  Zealand 


Grand  total. 


Fee-simple. 


Sold. 


Acrc8. 

14,788,771 

22,016,801 

8,389,942 

7,297,688 

1,818,266 


54,384,117 


12,008,157 


Granted. 


Acres. 

13,426 

8,104,778 

65,091 

870,000 


InproceSH 
of  alienation 
by  deferred 

payment. 


8,668,890 


Acres. 
7,709,186 
16,164,190 
2,540,341 
8,611,306 
842,630 


80,807,653 


5,706,726 


516,002 


Total  alien- 
ated or  in 
proceiwof 
alienation. 


Acres. 
22,480,383 
41,285.464 
10,fla">,S74 
n,278,M4 

2.155,895 

88,205,000 

4,518.454 

19,130,885 


111,849,809 


Remaining 
in  Grown, 


Acts*. 

33,756,»r?' 
156, 680,  SM 
416,667,986 
666,913.066 
622,48S,906 


1,706,356,860 
12,866,546 
47,679,435 


1,866,802,841 


RoHcliiiig  tlii'ough  more  than  thirty  degrees  of  latitude,  with  a 
wide  range  of  altitudes,  all  climates  are  found.  The  soil  is  gen* 
orally  very  fertile,  and  the  products  range  from  the  cereals  of  the 
temperate^  zone  to  the  fruits  of  the  tropics.  The  principal  crops  are 
wheat  for  exportation,  and  oats,  maize,  and  potatoes  for  home  de- 
mand. The  wheat  product  increased  steadily  until  the  last  few  years, 
wlioii  tlie  competition  now  so  keenly  felt  throughout  the  world  had 
its  effect  u])on  Australasian  growers,  checking  the  steady  expansion 
of  acreage.  Wheat  growers  here  are  at  the  disadvantage  of  long 
distance  from  markets.  The  colonies  from  which  the  principal  sup- 
ply comes  are  South  Australia,  Victoria,  and  New  Zealand,  where 
the  rate  of  yield  is  about  the  same  as  in  this  country,  the  others  in 
the  aggregate  having  a  deficiency  rather  than  a  surplus. 

In  calculating  upon  the  possible  extension  of  the  contribution  of 
wlieat  from  Australasia  this  fact  must  be  remembered.  The  popula- 
tion in  the  colonies  which  do  not  grow  their  own  supply  is  steadily 
and  rapidly  increasing,  and  must  be  fed  by  the  surplus  from  the 
other  three.  Unlike  the  natives  of  India,  who  subsist  upon  the 
cheaper  grains,  and  (;an  thereby  largely  expand  their  exports  under 
a  strong  demand,  tlie  people  of  these  colonies  are  large  wiieat-eaters, 
the  consumption  per  capita  being  possibly  greater  than  in  any  other 
country  except  France,  and  it  is  this  profitable  home  demand  from 
a  well-fed  peoi)le  that  will  always  be  first  supplied.  The  acreage  and 
product,  with  the  net  exportation  or  importation  in  flour  and  grain 
of  each  colony  except  Western  Australia,  in  1883,  when  the  crop 
was  the  largest  ever  grown,  are  thus  shown  : 


Colonies. 


New  South  Wales. 

Victoria 

Oiieeiislaud 

South  Australia.  . . 
Westorn  Australia 

Tasmania 

New  Zealand 


Total 


Acres. 

Biishels. 

4,345,437 

15,570,245 

42,842 

14,649,280 

373,984 

732,718 

9,827,136 

Net 
exportation. 

Net 
importation. 

289,757 

Bushels. 

Bushels. 
656,335 

1,104,302 

2,288,1.52 

9,879 

1,274,280 

1,810,1.51 

3,970,5:i) 

28,768 

41.301 
877,706 

15,483 
.5,139,000 

3,697,954 

45,541,592 

11,41?. 120 

1,980,666 

Tills  shows  a  surplus  of  about  0,000,000  bushels,  after  supplying 
home  rtM  j  uirements.  in  the  jrear  when  the  largest  crop  ever  grown  was 
producccl  and  handled.  Since  that  time  the  proportion  of  the  prod- 
uct available  for  exportation  iu  the  surplus  coloixies  has  declined, 
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while  the  demand  from  the  importing  colonies  has  measurably  in- 
creased, and  Tasmania,  instead  of  now  having  a  small  quantity  for 
export,  imports  nearly  a  quarter  of  a  million  bushels. 

The  pastoral  interests  of  the  colonies  far  exceed  in  value  the  agri- 
cultural, having  the  advantage  of  an  earlier  development  and  gen- 
erally more  suitable  conditions.  The  increase  in  the  nocks  and  herds 
since  1860  has  been  remarkable  and  uniform.  Wool  is,  of  course, 
the  staple  product  and  constitutes  the  leading  article  of  export,  while 
during  the  last  few  years  the  shipment  of  fresh  meats  has  assumed 
considerable  importance,  and  gives  promise  of  great  development  hi 
the  future. 

The  numbers  of  the  various  classes  of  stock  at  different  periods 
since  1870  to  1884,  as  officially  estimated,  are  thus  shown: 


Year. 


1870. 
187d. 
1880. 
1884* 


Horses. 


Cattle. 


797,800 

877,277 

1,330,138 

1,804,285 


4,712,918 
0,262,919 
8,225,779 
8,464,870 


Sheep. 


51,204,941 
61,527,122 
75,158,688 
75,626,404 


Swine. 


894, 8«B 

800,114 

1,019.744 

1,106,MI> 


*  New  Zealand  for  1885,  except  in  sheep. 

No  agricultural  statistics  for  South  Australia  having  been  collected 
since  1884,  totals  for  a  later  year  can  not  be  given. 

The  production  of  wool  is  already  affected  by  the  damage  done  to 
pasturage  by  rabbits^  and  in  some  of  the  colonies  shows  a  marked 
decline.  The  quantity  exported  from  all  the  colonies  to  foreign  coun- 
tries in  excess  of  the  imports  from  such  countries  is  thus  shown  for 
a  series  of  years: 


Year. 


1872. 
1878. 
1874. 
1875. 


Pounds. 


181,459,780 
209,739,473 
231.779,119 
232,932,190 


1876 •    279,520,878 

1877 i    290,455,316 

1878 ;    301, 518, 670 


Year. 

Pounds. 

1 

,  1879 

207,969  064 
345,010.888 
325,900,886 
841,016,897 
401,774,096 
415,518,868 
404, 068, 1« 

;  1880 

1881 

1883 

18f<3 

1884 

1885 

The  quantity  and  value  of  the  clip  of  1886  and  the  wool  trade  of 
that  year  in  each  colony  are  compared  by  the  government  statistician 
of  Victoria,  in  his  report  for  1886-87,  in  the  following  statement: 


Colonies. 


Wool  production,  1886. 


Quantity. 


Total. 


Victoria 

New  South  Wales. 

QueenRland 

South  Australia. . . 
Western  Australia 


Pounds. 
50, 439,  cat 
171.228,4:W 
28.700,M6 
40,9<U,3«8 
6,139,917 


Averaee 
to  each 
sheep. 


PouiuUt. 
4.71 
4.37 
2.96 
n.l2 
3.39 


Value. 


Total. 


Total I    297.490,915 

Tasmania I       8,3(K).  180 

New  Zealand. . . . : 92,741,733 


Grand  total 


398,511,828 


4.87 
5.16 
5.56 


4.62 


£2,778,100 

6,947.520 

1,413,908 

1,227.007 

332,519 


12,699,120 

319,227 

3,200,499 


16,218,846 


Average 
per head  of 
population. 


£ 

2 

p» 

4 
3 

8 


A. 

16 
1 
5 

18 
18 


d. 
3 

10 
1 
5 

10 


k 

lis 


o  o 


Per 


4  15    10 
2     7      1 

5  10     0 


4    16     4 


cent 

42.89 

46.80 

28.66 

48.66 

62.75 


42.62 
28.  SB 
46.06 


48.47 


11 
H 

'I* 

18 


10 
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The  relations  of  total  annnal  rain-fall  to  xrheat  yield  per  acre  are 
thus  shown  for  the  colony  of  New  South  Wales: 


mi. 

lera.     j     whi. 

,»,. 

IKM.               1887. 

For 

In. 

1 

a).  4 

For 

i 

St 

RniQ-    IVr 

•s. 

Per 

Rain- 

li 

SwA 

■Ij 
'It 

lUid-    Per 
Jn.    AuA. 

i»!d  [  h'.a 

Si":; 

M.a  1  e.s 

«r 

Yam ■■■ 

1 

i^^ 

* 

£7.5 

MupmyKiwr 

Jfoune 

£S|1«.;S:S 
K  1M|I!:5 

li 

sa.fi 

1 

In  A''ictoria  experiments  with  irrigation  have  proved  successful  as 
far  as  tried.  In  188A  there  were  0,935  acres  irrigated;  in  1SS5,  7,040; 
in  Ism,  :-'J,74i);  in  1887,  21,^42.^  The  following  table  gives  the  yield 
per  aero  upon  irrigated  and  uuirrigated  land  in  the  latter  year: 


a,p. 

IrriRSted. 

rlgaWd'lSnd: 

Whrat 

::;:::::.-S--: 

17!  41 

as:  US 

14.  us 

8.0! 

.62 

10.10 

4.» 

Urapes 

e«t-. 

DISTRIBUTION  OF  LAND  IN  FRANCE. 

ich  ministry  of  agriculture  made  a  general  agricultural 
census  in  1840,  1853,  1863,  and  again  in  1882,  that  naturally 
comiii^r  in  1R72  liaving  been  omitted  in  cousequence  of  the  war  with 
Prussia  and  its  demoralizing  results.  The  following  table  shows  the 
distribution  of  lands  in  1883; 


The  Fi 
inquiry  or  census  in  1840,  1853,  186: 


Average 

inmib- 
classee. 

^~srs£'*- 

sa- 

Stal  p  jiTftpert  r :  ^^^ 

lS,fBl 

Heclaret. 

4B,oiB:5se 

in.2B8,2M 

I'ron.-rty  of  piiblio  and  other  institutions: 

Railpoailifl-  and  ™rioiiB  anonj-mous  aocielies 

'!;SI!:S 

'T^4.^ 

M,  837,199 

iao,oio,iBa 

i^upied  by  raiiroods  c^'y  vhM  actually  bekmgs  to 
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It  appears  from  the  above  table  that  over  85  ^r  cent,  of  the  entire 
area  of  France  is  the  property  of  private  individuals.  Of  the  total 
area  there  is  05.7  per  cent,  of  agricultural  territory,  50,560,716  hec- 
tares, or  124,935,520  acres. 

The  taxable  area  is  94.7  per  c^nt.,  50,035,159  hectares,  or  123,636,878 
acres. 

Deducting  from  the  total  agi'icultural  area  (50,560,716  hectares)  the 
area  embraced  in  the  woods  and  forests  of  the  state  (998,854  hectares), 
thero  remains  a  taxable  agricultural  area  of  49,561,802  hectares 
(122,467,301  acres). 

NUMBER   AND   SIZE  OF  FARMS. 

Our  census  designates  all  places  cultivated  as  **  farms,"  which  the 
English  report  as  **  holdings,  and  the  French  as  **  exploitations."  It 
is  a  portion  of  land,  large  <jr  small,  farm  or  garden,  orchard  or  vine- 
yard, under  a  single  management.  The  three  usual  divisio  s  relat- 
ing to  size — small,  medium,  and  large  culture — were  increased  in  1882 
by  another — minute  culture.  In  comparing  with  pur  own  divisions, 
it  should  be  understood  that  our  **  farms"  have  a  minimum  limit  of 
3  acres,  or  less  than  3  acres  if  the  products  reach  8500  in  value.  The 
following  table  gives  the  number  of  separate  places  enumerated,  ac- 
cording to  grade  of  culture  and  the  proportionate  area  occupied  by 
each  grade: 


CUu?s(»s  of  fnniis  and  desigrnations 
of  cultures. 


Minute  culture,  under  1  hectare . . 

Over  1  hectare: 
Small  culture— 

1  to  5  hectares 

5  to  10  hectares 


Number  of 
farms. 


Total  areas 


Averaj^e 


comprised  j  area  of  one 
therein,     i       form. 


Proportional  distilbur 
tion-^ 


Of  Uie 

number  of 

farms. 


,r.   I 


Hectares. 


2,167,067!        1,0«3,833  ' 


Hectares. 
O.flO 


1 ,  H65, 878 
7G9. 152 


1  to  10  hectare.s. 


Medium  cultiunc: 
10  to  30  hectares. 
20  to  30  hectares. 
80  to  40  hectares. 


n,  .'597. 084  i 
5,70R,640 


Si,685,0fl0         11,366,274 


481.358 
108. 041 

vr,tm 


6.470.295  ■ 
4,951,025  I 
3.424.380  I 


10  to  40  hectares 

Large  culture . over  40 hectares. 

Totals  and  averasre  for  all 
farms  over  1  hectan; 


727.222 

■  >-    • 

T42,(i88 


14,84.5,650 
22.260.104 


Qrand  total  and  general  av- 
erage for  all  fanns 


3,.'>(M.:«0        48,478,028 


.5,672.007        49,501.861 


8.00 
7.50 


4.31 


15. 00 
26.00 
35.00  : 


Per  cent. 
88.2 


20.41   ' 
150.71 

I 

i 

18.88 

8.74 

I 


m.9 

18.6 


Oftheareas 

oomptriaed 

tlH»«in. 


Pier  cent 


11.8 
11.8 


^G.5 

8S.9 

i.  ■ 
8.* 
1.7 

18.1 
9.9 
6.9 

12.8 

29.9 

2.5 

45.0 

61.8 

97.  S 

100.0 

100.0 

Frr)in  this  table  it  will  be  seen  that  the  two  smaller  classes  com- 
prise nearly  85  per  cent,  of  the  wliolo  number  of  farms  or  holdings, 
while  less  than  15  percent,  in  the  whole  of  France  average  more 
than  5^5  acres;  that  the  average  size  of  French  farms,  exclusive  of 
those  of  less  than  1  hectare,  which  is  below  our  limit,  is  33.17  acres, 
about  one-fourth  the  average  size  of  American  farms.    The  follow- 
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ing  statement  shows  the  proportion  of  the  whole  number  of  holdings 
and  of  the  total  area  comprised  in  each  class: 


Clafises. 

Proportion  of  total. 

Number  of 
exploita- 
tions. 

Area  in 
exploita- 
tions. 

Minute  culture 

Per  cent. 

88.2 

46.6 

12.8 

2.6 

Per  cent. 
2.2 

Small  culture 

22.9 

Medium  culture  

29.9 

Lfirfire  cult^ire    ,     - 

46.0 

Total 

100.0 

100.0 

The  large  holdings,  while  comprising  less  than  3  per  cent,  of  the 
whole  number,  occupy  nearly  one-half  of  the  whole  area.  Further 
subdivision  of  this  class  is  made,  and  the  very  small  number  of  really 
large  farms  in  France  is  shown: 


Classes  of  exploitations. 


From  40  to  50  hectares. . 
From  50  to  100  hectares . 
From  100  to  200  hectares 
From  200  to  300  hectares 
From  SOO  to  400  hectares 
From  400  to  500  hectares 
Over  500 

Total 


Number  of 

Per  cent. 

exploi> 

of  total 

tations. 

number. 

66,419 

89.71 

66,866 

40.02 

20,644 

14.68 

6,586 

8.98 

1,668 

1.16 

704 

0.60 

217 

0.16 

142,068 


100.00 


The  holdings  of  less  than  10  hectares  comprise  nearly  85  per  cent. 
of  the  whole  number,  although  scarcely  one-iourth  of  the  total  area. 
Including  the  places  averaging  10  to  20  hectares,  the  holdings  not  ex- 
ceeding 20  hectares  include  more  than  92  j>eT  cent,  of  all  and  38.2  per 
cent,  of  the  whole  area.  The  occupants  are  almost  entirely  peasants, 
the  industrious  and  economical  class  of  sturdy  citizens  on  whom  the 
power  of  the  state  chiefly  rests.  It  is,  therefore,  not  accurate  to  as- 
sume that  the  principal  part  of  the  rural  territory  of  France  is  held 
ill  very  small  farms.  Nearly  30  per  cent,  is  in  medium  holdings  of 
10  to  40  hectares  (24.71  to  98.84  acres)  and  45  per  cent,  in  those  above 
40  liectares.  Nor  are  there  many  very  large  farms,  there  being  only 
217  exceeding  oOO  hectares. 

In  tlie  distribution  of  these  categories  of  agricultural  holdings 
those  of  less  than  1  hectare  are  found  to  be  the  most  numerous  near 
tlie  ureat  centers  of  population,  where  gardening  is  largely  developed, 
ami  in  departnieiits  having  a  rich  soil  suitable  to  the  cultivation  of 
iii(i  list  rial  plants  or  adapted  to  vineyard  culture. 
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WHEAT  CROP  OF  INDIA. 

The  harvest  of  1887-'88,  as  estimated  by  the  revenue  and  agricult- 
ural department  of  India,  aggregates  200,882,112  bushels  of  OOjmunds 
each,  an  average  crop,  as  the ' '  sujiposed  normal  outturn  "  is  264, 744, 065 
bushels.  The  area  is  placed  at  26,854,882  acres,  3  or  4  per  cent,  less 
than  the  normal  area  of  27,825,313.  The  former  average  area  for 
many  years  past  has  been  assumed  to  be  26,000,000  acres  in  round 
num  bers.  The  rule  has  recently  been  adopted  to  consider  the  normal 
area  the  **  average  of  the  areas  of  the  preceding  five  years." 

The  small  increase  of  five  years  ago  has  not  been  sustained,  nor 
has  the  average  production  in  wheat  been  enlarged,  or  the  surplus 
for  exportation  increased.  The  prophecies  of  rapid  extension  of 
wheat-growing,  made  so  strenuously  by  commercial  authorities, 
have  not  been  verified.  On  the  contrary,  the  views  presented  by 
the  Statistician  have  been  supported  by  the  facts.  The  official  state- 
ment of  area  and  product  is  as  follows: 

Wheat  crop  of  1887-88  compared  vnth  nomuH  crop. 


Provinces,  etc. 


Provinces  in  which  statistics 
are  based  on  annual  survey. 

Punjab 

NW.  Provinces  and  Oudh  — 

Central  Provinces 

Bombay  (including  Baroda) . . 
Berar 


Total 


Provinces  and  native  states 
in  which  statistics  are  based 
on  rovgh  estimates. 

Bengal  (Behar) 

Bajputana 

Central  India 

Hyderabad 

Mysore 

Kashmir 


Total 


Area. 


188S,  as  as- 
certained 
up  to  end 
of  April. 


Acres. 
6,179,800 
♦4,052,354 
4,001,683 
3,010,954 
1,052,918 


19,797,709 


1,085,212 
1,514,505 
2,884,765 
1,0(57,022 
5,669 
500,000 


7,057,173 


Grand  total. 


26,854,882 


Supposed 
normal. 


Acres. 

6,765,000 

*6, 081, 500 

3,967,000 

2,871,000 

855,000 


19,589,600 


1.267,616 
1,984,554 
8,500,000 
1,016,743 
17,000 
500,000 


8,285,818 


Outturn. 


Estimated  for  1888. 


Tons. 

1,668,  .506 

1,907,000 

1,188,800 

862,475 

164,727 


5,731,508 


306,000 
865,799 
508,408 
102,828 
752 
133,833 


1,417,120 


27,825,813       7,148,628 


Bushels. 
62,290,890 
71,194,667 
42,515,200 
32,199,067 

5,776,475 


213,976,299 


11,424,000 
13,656,496 
18,980,565 

3,838,912 
28,075 

4,977,765 


52,905,818 


266,882,112 


Supposed  normal. 


Tons. 

2,014,671 

1,893,150 

845,870 

788,961 

128,280 


6,615,882 


357,613 
417,208 
500,000 
6.5,828 
2,019 
133,338 


1,475,501 


7,091,888 


BusheU. 
75.214,884 
70,677,600 
81,679.147 
27,401,211 
4,787,868 


209,659,505 


18,860,886 
15,675.785 
18,666,667 

2,488,918 
75,87(1 

4,977,766 


66,066,870 


864,744,966 


♦  The  areas  for  Northwest  Provinces  and  Oudh  are  exclusive  of  land  on  which  wheat  and  some  other 
grain  were  grown  together. 


HOP  PRODUCTION  IN  EUROPE. 

The  area  and  product  of  hops,  as  deduced  from  the  records  of  pro- 
duction of  the  principal  hop-growing  coimtries  of  Europe  for  several 
years  past,  are  thus  presented: 

GREAT  BRPIAm. 


Years. 


1885 
1886 
1887 
1888 


Acres, 


71,827 
70,127 
68,709 
58,494 


Product. 


Cwts. 
509,170 
776.144 
457,515 


Pounds. 
57,027,040 
86,928,128 
61,241,660 


Yield 
per  acre. 


Pounds. 

800 

1,840 

OH 
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FRANCE. 


Years. 


1K<] 
18S4 
1HH5 
1880 


Area. 

TV..^^ 

1 A. 

Rate  of  yield. 

• 

iToauci;. 

Per  hectare. 

Per  acre. 

Hectares. 
3,409 
8,326 
3,808 
3,450 

Acres. 
8,572 
8,219 
9,545 
8,l>10 

Quintals. 
41,250 
45,533 
49,404 
41,149 

Pounds. 

9,093,975 
10,038,205 
10,891,606 

9,071,709 

Quintals. 
11.89 
13.69 
12.79 
11.91 

Pounds. 
1,061 
l,5iil 
1,141 
1,062 

NETHERLANDS. 


i8aj 

18.Ht 

ias.5 
lej^: 


187 
206 
211 
218 


462 
509 
521 
539 


2,430 
8,r30 
1,830 
3,220 


535,718 
822,316 
403,442 
709,881 


12.99 

18.11 

8.67 

14. 1  i 


1,100 
1,616 

1,317 


GERMANY. 


188:3 
ISHl 

ItttC) 
IHSO 
18b7 


45,937.1 

40,689.5 

47,390.5 

47.370.5 

46,952.4 

113,511 
115,370 
117.102 
117,053 
116,019 


221,802 
288,700 
332,011 
302,025 
:^,931 


48.898,469 
63,646,802 
73, 195, 145 
66,094.432 
63,777,690 


4.83 
6.18 
7.01 
6.38 
5.20 


481 
552 
625 
569 
464 


AUSTRIA. 


IHS-i 
IKS.") 

lyso 


12,.'i25 
12,775 
14,500 


30,949 
31.567 
35,978 


39,179 
40,064 
58,044 
49,225 


8,637,402 

8,832,509 

12,796,380 

10,852,144 


3.20 
4.54 
8.38 


285 
405 
302 


COxMPARATIVE  RATES  OF  YIELD. 


For  eonvenieut  comparison  of  the  rates  of  yield  in  the  several 
countries,  they  are  presented  in  pounds  per  acre  in  parallel  columns 

below: 


Years. 

United 
Kingdom. 

Franco. 

Neth- 
erlands. 

Germany. 

Austria. 

isr8 

1,049 

906 

999 

934 

835 

1,061 

1,221 

1,141 

1,062 

804 
897 
939 
978 
845 
1,160 
1,616 

rr4 

1,817 

624 
875 
586 
532 
404 
481 
562 
025 
609 
464 

819 
452 
477 

IM7'.) 

IK'^I 

issi 

888 

861 

IK'^-J 

]S.s:r5 i 

iSSl 

28S 

is-«i-)    

800 

1,240 

804 

405 

IK'^O 

802 

1>JS7 
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DIVISION  WORK  AND  METHODS. 

The  work  of  this  Division  includes  every  department  of  agricultural 
statistics,  in  this  country  especially,  and  throughout  the  world  so 
far  as  relates  to  foreign  products  that  compete  with  those  of  the 
United  States.  It  involves  the  record,  tabulation,  and  co-ordination 
of  such  statistics  of  production,  distribution,  and  consumption,  the 
authorized  data  of  governments^  institutes,  societies,  boards  of  trade, 
and  of  individual  experts.     It  requires  the  collation  and  record  of 

f)rices,  a  series  of  invaluable  statistics  illustrating  the  action  of  the 
aw  of  supply  and  demand,  trade  regulations  and  restrictions,  mone- 
tary distribution,  and  even  the  changes  caused  by  the  arbitrary  edicts 
of  fashion. 

The  publications  of  this  Division  consist  of  an  annual  report  which 
is  published  in  the  annual  volume  issued  by  order  of  Congress;  a 
monthly  series  of  reports  of  the  Statistician;  occasional  special  re- 
ports, involving  more  thorough  statistical  investigation  of  topics  of 
present  public  interest;  and  maps  and  charts  illustrating  the  statis- 
tics of  agriculture.  Of  the  monthly,  an  edition  of  about  20,000  is 
issued  for  the  use  of  county  reporters  and  for  editors  and  writers,  as 
it  is  practicable  to  furnish  the  information  only  through  the  medium 
of  the  press,  and  not  to  the  millions  of  individuals  interested.  The 
main  purpose  of  the  crop  reports  is  to  give  accurate  information  of 
crop  areas,  conditions,  and  prospects,  lor  the  information  of  pro- 
ducers and  consumers,  and  for  their  protection  against  combination 
and  extortion  in  the  handling  of  the  products  of  agriculture.  For 
this  purpose  the  theory  is  accepted  that  the  unadorned  truth,  without 
exaggeration  or  underestimate,  is  the  best  for  growers  and  buyers. 

The  crop-reporting  section  of  this  Division  is  important,  and  natu- 
rally elicits  a  popular  interest,  but  it  does  not  pretend  to  occupy  a 
place  in  the  domain  of  exact  statistics.  Its  uses  are  mainly  tempo- 
rary. The  organization  of  this  work  was  referred  to  on  the  nrst  page 
of  this  report.  The  methods  may  not  be  so  well  known,  and  may 
properly  be  indicated  in  connection  with  the  reference  to  the  general 
scope  01  the  work  of  the  Division  in  the  preceding  paragraph. 

County  correspondents  make  monthly  returns  on  the  first  day  of 
each  month  by  filling  blank  forms  relating  to  special  topics.  As  the 
main  inquiries  occur  annually  in  the  same  month,  the  correspondent 
knows  precisely  what  is  expected  and  prepares  for  it.  Occasionally 
a  new  subject  of  inquiry  gives  variety  to  tiie  work.  The  regular  in- 
vestigations relate  to  increase  or  decrease  of  farm  animals,  commer- 
cial distribution  of  farm  products,  condition  of  farm  stock  at  the 
close  of  the  winter,  losses  of  farm  animals  during  the  year,  condition 
of  winter  grain  in  spring,  the  progress  of  spring  planting,  the  rela- 
tive area  of  the  principal  crops,  condition  of  growing  crops  up  to  the 
time  of  ripening,  yield  per  acre,  and  the  j^roduct  of  the  year.  These 
comparisons  are  made  tor  each  county,  which  has  a  known  status  in 
production.  Were  they  for  unknown  areas,  some  for  a  large  dis- 
trict, others  for  a  small  one,  or  for  a  single  farm,  the  result  would  be 
uncertain  and  inconsequential. 

The  effect  of  differences  in  crop  areas  covered  by  rei)orts,  upon  the 
averages  of  a  State,  is  so  great  as  to  render  valueless  a  "straight 
average,"  or  the  average  of  the  amateur.  This  is  found  by  addir.g 
the  percentage  column  and  dividing  by  the  number  of  returns.  The 
true  average  is  found  by  giving  to  each  return  its  proper  weight  or 
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relative  standing  in  production  of  the  crop  under  consideration. 
The  following  statement,  supposed  to  be  the  return  of  condition  of 
corn  in  five  Illinois  counties,  will  clearly  illustrate  the  two  averages 
and  their  differences : 


McLean  . . 
Alexander 
La  Salle  . . 
Hardin  . . . 
Massac  . . . 


County. 


Total 

Average  of  condition 


Percent- 
age of 
condition. 


98 
66 
100 
70 
67 


400 


80 


Normal  crop. 


Bushels. 

11,976,581 
464,706 

11,148,779 
806,960 
450,010 


S4, 887, 036 


Crop  modi- 
fled  by 
condition. 


11,787,049 
806,668 

11,148,779 
^14,872 
901,507 


28,707,766 


97.4 


This  extended  or  true  average  is  thus  worked  out  for  each  question 
and  each  State  for  every  county  reported.  The  apparent  indication 
of  the  average  by  number  of  counties  in  this  example,  is  for  four- 
fifths  of  a  full  crop;  the  real  significance  of  the  returns  is  a  depre- 
ciation of  only  2. 6  per  cent,  instead  of  20  per  cent.  The-^rror  amounts 
to  over  one-sixth  of  the  crop,  and  it  is  in  the  compilation  and  not  in 
the  county  estimates.  This  shows  the  utter  irrelevancy  and  worth- 
lessness  of  an  average  based  on  the  number  of  returns,  with  no  refer- 
ence to  the  breadth  of  crop  covered  by  each. 

The  tabulation,  including  this  arithmetical  consolidation  to  obtain 
a  true  average  of  the  local  estimates  as  returned,  is  ready  for  the 
statistician  on  the  seventh  or  eighth  day  of  each  month,  who  scruti- 
nizes the  original  returns,  makes  allowances  for  obvious  misinter- 
pretation of  inquiries  and  manifest  vagaries  in  judgment,  harmonizes 
discrepancies  between  these  results  and  parallel  results  obtained  by 
State  agents  in  a  similar  way,  and  thus  perfects  the  State  averages. 
The  general  average  of  the  crop,  for  the  country  as  a  whole,  is  made 
by  a  similar  application  of  State  averages  to  the  aggregate  products 
of  each. 

The  section  of  freight  rates  collects  every  month  the  freight  rates 
charged  by  the  transportation  companies  or  the  United  States  on  the 
first  day  of  the  month  and  prepares  the  returns  for  publication  in  the 
monthly  reports.  This  section  also  supervises  the  work  of  the  State 
statistical  agents,  which  is  similar,  in  a  limited  area,  to  the  crop- 
reporting  work  of  the  Statistician,  and  comx)rises  also  local  special 
investigation. 

The  consuls  of  the  United  States,  with  the  aid  of  European  statis- 
ticians and  ex})orts  in  agricultural  and  commercial  information,  also 
collect  for  the  use  of  this  Division  statistics  which  relate  primarily  to 
tliose  products  in  which  the  United  States  have  a  competitive  in- 
terest. Mr.  E.  J.  Moffat,  deputy  consul-general  at  London,  has  had 
tlif^  (lir(?ction  of  this  branch  of  the  service  since  its  organization,  and 
is  worthy  of  special  commendation  for  his  efficiency  and  promptness. 

Tlie  Division  is  also  about  to  make  a  statistical  survey  of  the  States 
and  Territorit^s  of  the  vast  Rocky  Mountain  region,  the  agricultural 
rapabilities  of  which  are  as  yet  comparatively  unknown ;  and  also, 
from  time  to  time,  a  similar  survey  of  the  resources  and  products  of 
the  older  States. 
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An  important  feature  in  the  current  work  of  this  Division  is  the 
preparation  of  a  series  of  charts  and  maps  to  show  the  geographical 
distribution  and  limitation  of  important  crops.  During  the  past 
year  a  series  of  large  maps  and  diagrams  was  prepared  for  the  Cin- 
cinnati Centennial  Exposition  and  exhibited  during  its  continuance, 
and  another  has  been  sent  to  the  Paris  Exposition,  to  be  exhibited 
during  the  summer  of  1889. 

In  this  series  four  large  maps  of  the  United  States  are  presented, 
illustrating  the  progress  of  twenty-eight  years  in  the  growing  of 
cereals,  cotton,  and  tobacco,  and  snowing  the  distribution  of  each 
product,  by  States,  at  three  different  dates. 

The  diagrams,  sixteen  in  number,  show  the  local  variation  in  rate 
of  production  of  some  of  the  principal  crops,  and  the  annual  varia- 
tion of  the  aggregate  product,  the  relation  of  price  to  production, 
and  the  proportion  of  products  exported.  It  also  shows  the  distribu- 
tion and  increase  of  farm  animals,  the  annual  exportation  of  beef 
products,  and  the  aggregate  value  by  decades  of  all  exports  of  beef 
and  beeves,  and  the  course  of  exportation  of  swine  products.  Among 
other  points  of  illustration  are  the  rates  of  wages  of  farm  labor,  by 
groups  of  States,  the  values  at  different  dates  of  principal  products, 
and  a  classification  of  agricultural  and  non-agricultural  products  in 
the  foreign  trade  of  the  country,  including  both  exports  and  imports. 
The  progress  of  railroad  building  is  also  shown,  from  1850  to  the 
present  time. 

The  following  are  the  titles  of  the  graphic  illustrations  which  ex- 
hibit the  resources  and  production  of  American  agriculture  at  the 
coming  world's  exposition  at  Paris  : 

t       No.    1.  Wheat  Distribution  in  the  United  States.    Crops  of  1859, 1879,  and  1887. 
c.     No.    2.  Corn  Distribution  in  the  United  States.     Crops  of  1859, 1879,  and  1887. 
'      No.    3.  Oats  Distribution  in  the  United  States.     Crops  of  1859, 1879,  and  1887. 
No.    4.  Cotton  jand  Tobacco  Distribution  in  the  United  States.    Crops  of  1859, 

1879,  and  1886. 
No.    5.  Product  and  Export  of  Corn. 
No.    6.  Average  Yield  and  Price  of  Com,  1871  to  1877. 
No.    7.  Acreage  and  Product  of  Wheat. 
No.    8.  Product  and  Export  of  Wheat. 
No.    9.  Progress  of  Cereal  Production. 

No.  10.  Produce  Per  Capita  of  Oreals  in  Eui'ope  and  the  United  States. 
No.  11.  Increase  of  Farm  Animals. 
No.  12.  Eixport  of  Hog  Products. 
'    No.  13.  Exports  of  Beef. 

No.  14.  Product  and  Export  of  Cotton,  1841  to  1887. 

No.  15.  Increase  of  Values  of  Farm  Products. 

No.  16.  Value  of  products  of  American  Agriculture.     Proportion  Exported 

1886-^87. 
No.  17.  Average  Wages  of  Farm  Labor. 
No.  18.  Foreign  Trade  of  the  United  States  1887-88. 
No.  19.  Dietaries  of  Different  Peoples. 
No.  20.  Increase  of  Railroad  IMileage  in  the  United  States. 

The  clerical  force  actually  employed  in  the  Division  work  averages 
fifty-five  persons.  The  demands  upon  the  service  are  constantly  in- 
creasing, as  the  interests  of  agriculture  are  enlarged  in  the  United 
States,  and  as  the  appreciation  of  the  practical  value  of  statistics,  in 
legislation,  in  business,  in  rural  and  social  economy,  becomes  more 
general  and  profound. 

J.  R.  Dodge, 

Siatistician. 
Hon.  Norman  J.  Colman, 

Commissioner, 
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Washington,  D.  C,  January,  1889. 

Sir  :  I  have  the  honor  to  submit  herewith  my  third  annual  report 
upon  the  operations  of  the  Division  of  Economic  Ornithology  and 
Mammalogy,  covering  the  year  1888.  It  consists  of  five  parts,  as 
follows :  (1)  Scope  of  the  work;  (2)  methods  of  inquiry;  (3)  statement 
of  work  done  during  tlie  year;  (4)  the  geographical  distribution  of 
species;  and  (5)  special  reports  embodying  results  of  investigations. 
Respectfully, 

C.  Hart  Merriam, 
Chief  of  Division  of 
Ornithology  and  Mammalogy. 
lion.  Norman  J.  Colman, 

Co intniss loner  of  Agriculture. 


Ill  my Jast  report  two  bulletins  were  mentioned  as  ready  for  the 
printer.  One  of  these,  on  the  English  Si)arrow  in  America,  is  still 
in  the  Junids  of  the  Public  Printer.  The  other,  on  Bird  Migration 
in  the  Mississippi  Valley,  was  issued  in  November,  1888.  It  is  a 
c(>ini)act  o(*tavo  volume  of  313  pages,  accompanied  bjr  an  admirable 
colored  altitude  map  of  the  Mississippi  Valley,  showing  in  different 
tints  the  contours  of  100,  500, 1,000,  and  2,000  feet,  and  also  the  posi- 
tion of  th<>  observaticjii  stations.  The  publication  of  this  work  is  an 
event  of  much  importance  both  to  the  Department  of  Agriculture 
and  to  the  science  of  ornithology.  Its  distribution  to  the  regular 
observers  of  the  Division  has  resulted  in  the  receipt  of  letters  from 
liundreds  of  persons  desirous  of  securing  it,  many  of  whom  have 
volunteered  their  services  as  observers;  and  it  has  given  a  great 
stimulus  to  the  study  of  oruitliology  in  the  region  of  which  it  treats — 
a  region  covering  more  than  one- third  the  total  area  of  the  United 
States,  and  including  considerably  more  than  half  the  species  and 
subspecies  of  birds  known  to  inhabit  North  America.  It  affords  a 
more  substantial  foundation  for  the  detailed  study  of  the  distribu- 
tion and  migration  of  birds  than  exists  in  any  other  portion  of  the 
world. 

SCOPE   OF    THE  WORK. 

The  sco{)e  of  the  work  of  this  Division,  as  defined  by  act  of  Con- 
gress, is,  ''the  promotion  of  economic  ornithology  and  mammalogy, 
an  invest iij:at ion  of  the  food  habits,  distribution,  and  migrations  of 
North  American  birds  p.nd  mammals,  in  relation  to  agriemture,  hor- 
ticulture, and  forestry."    Tho  function  of  the  Division,  then,  consists 
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in  the  collection  of  facts  relating  to  the  above  subjects,  and  in  the 
arrangement  and  pubjication  of  these  facts  in  the  form  of  special 
rei>orts  and  bulletins.  The  field  thus  outlined  is  so  large,  and  the 
amount  of  money  appropriated  for  the  work  so  small,  that  it  is  im- 
possible to  cover  more  than  a  very  limited  portion  of  the  ground; 
hence  of  necessity  the  investigations  thus  far  made  have  been  along 
special  lines.  At  the  same  time,  since  it  costs  no  more  to  ask  ten 
questions  than  it  does  to  ask  one,  it  has  been  the  policy  of  the  Divi- 
sion in  preparing  its  circulars  and  schedules  to  request  more  infor- 
mation than  can  be  put  to  immediate  use,  hoping  that  at  some  future 
time  it  may  be  possible  to  ela])orate  and  publish  the  whole.  The 
result  of  this  course  is  the  receipt  of  an  immense  mass  of  material 
of  great  value,  which  the  limited  force  of  the  Division  is  wholly 
unable  to  handle. 

METHODS  OF  INQUIRY. 

The  principal  ways  of  gathering  information  are,  (a)  by  persoxial 
observation  on  the  part  of  the  staff  of  the  Division  and  its  special 
field  agents;  (ft)  by  the  co-operation  and  assistance  of  farmers  and 
others  in  extending  these  observations  over  the  entire  country  j  (c) 
by  the  collation  of  what  has  been  already  published  on  the  suDiect; 
and  (d)  by  examination  of  stomach  contents  in  the  laboratory.  With 
these  objects  in  view  general  circidar.s  mikI  schedules  on  the  migration 
and  geographical  distribution  of  birds  have  been  sent  out  twice 
each  year,  and  special  circulars,  asking  for  detailed  information  on 
particular  subjects,  have  been  issued  from  time  to  time. 

STATEMENT   OF   WORK   DONE   IN    1888. 

The  work  of  the  Divisicm  during  the  year  1888  has  been  confined 
to  the  collection  ^md  elaboration  of  material  relating  to  th«  general 
subjects  already  mentioned. 

My  last  report  contained  tabulated  results  of  the  critical  examina- 
tion of  more  than  a  thousand  stomachs  of  hawks  and  owls,  prepared 
by  Dr.  A.  K.  Fisher,  assistant  ornithologist.  The  work  in  this  direc- 
tion has  been  continued  during  the  past  year,  and  the  final  results, 
together  with  copious  notes  on  the  distribution  and  food  habits  of 
the  species  concerned,  will  appear  in  a  sj)ecial  illustrated  bulletin  al- 
ready in  an  advanced  stage  of  preparation. 

Another  assistant.  Prof.  Walter  B.  Barrows,  has  spent  much  time 
in  the  examination  of  the  stomachs  of  crows,  the  results  of  which  are 
incorporated  in  the  present  report. 

In  undertaking  to  identify  the  stomach  contents  of  fruit-eatinaf 
and  seed -eating  birds,  it  became  evident  at  once  that  no  substantial 
progress  could  be  made  without  a  reference  collection  of  seeds,  berries, 
and  the  pits  of  fruits.  Such  a  carpological  collection  does  not  exist 
either  in  the  Department  of  Agriculture  or  the  United  States  National 
Museum.  Therefore  it  has  been  necessary  for  members  of  the  Di- 
vision to  collect  this  indispensable  material  in  order  to  carry  on  the 
work  of  identifying  the  stomach  contents  of  crows,  blackbirds,  and 
many  other  species. 

Considerable  progress  has  been  made  in  arranging  for  publication 
the  large  amount  of  information  in  hand  relating  to  the  depreda- 
tions of  Blackbirds,  but  this  work,  as  well  as  that  relating  to  the 
Rice-bird  or  Bobolink,  is  held  back  temporarily  for  lack  of  sufficient 
competent  field  observation  and  experiment  to  complete  the  investi- 
gations and  determine  the  economic  status  of  the  species. 
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Perhaps  the  most  important  feature  of  the  work  of  the  year  has 
been  the  collection  and  partial  arrangement  of  material  for  one  or 
more  bulletins  on  the  Pocket  Gophers  and  Groimd  Squirrels  of  the 
United  States,  an  undertaking  of  surpassing  importance  to  the  agri- 
culturists not  only  of  the  Mississippi  Valley  but  of  nearly  the 
whole  of  the  western  two-thirds  of  tne  continent.  The  magnitude 
of  the  losses  occasioned  by  these  animals,  and  the  imperative  de- 
mand for  remedies,  are  almost  unknown  in  the  Eastern  States,  Dur- 
ing the  past  summer  an  energetic  field  agent  has  devoted  much  time 
to  this  work  in  Nebraska,  Dakota,  Wyoming,  and  Utah,  and  the 
chief  of  this  Division  visited  parts  of  Montana,  Washington  Terri- 
tory, Oregon,  and  California  in  order  to  study  personally  ihe  differ- 
ent phases  of  the  problem  there  presented,  as  well  as  the  ^medial 
measures  employee!  by  the  inhabitants. 

The  attempt  to  remedy  the  Gopher  evil  by  the  award  of  bounties 
has  proved  as  useless  as  in  the  case  of  the  Rabbit  plague  and  Sparrow 
scourge  ;  and  the  persistency  with  which  this  method  is  resorted  to 
shows  the  necessity  for  a  compilation  of  bounty  laws  and  their  re- 
sults, at  least  in  the  United  States.  Such  a  compilation  was  begun 
two  years  ago  in  connection  with  the  Sparrow  investigation,  and  has 
been  continued  since,  its  scope  having  been  enlarged  to  cover  all  le^- 
latiou  directly  affecting  undomesticated  birds  and  mammals.  During 
the  year  1888  letters  have  been  written  to  all  the  county  treasurers  or 
Minnesota,  Dakota,  and  Iowa,  two  hundred  and  eighty  in  number, 
asking  if  bounties  were  paid  on  Gophers,  and,  if  so,  requesting  specific 
information  as  to  the  statute  or  ordinance  u^der  which  said  bounties 
were  offered,  the  dates  between  which  the  law  was  held  operative, 
and  the  amounts  disbursed  on  account  of  each  species.  A  synopsis 
of  the  information  received  in  reply  to  these  letters  will  appear  in 
the  Gopher  bulletin. 

A  not  unimportant  incidental  feature  of  the  routine  work  of  the 
Division  consists  in  the  identification  of  specimens  of  birds  and 
mammals  sent  to  the  Department  for  this  purpose.  Among  those 
received  during  the  year  1888,  in  addition  to  those  sent  by  private  in- 
dividuals scattered  over  the  whole  country,  were  small  collections 
from  the  Geological  and  Natural  History  Survey  of  Canada  (includ- 
ing several  species  new  to  science),  and  from  the  museum  of  Lavalle 
University  at  Quebec.  The  total  number  of  specimens  received  for 
identification  in  1888  considerably  exceeded  a  thousand.  The  num- 
ber is  constantly  on  the  increase,  and  it  is  hardly  necessary  to  add 
that  great  good  is  done  by  thus  diffusing  among  the  people  an  accu- 
rate knowledge  of  the  birds  and  mammals  with  whicn  tney  are  sur- 
rounded. 

The  routine  work  of  the  Division  has  been  reduced  to  a  system 
designed  to  expedite  tlie  various  operations  involved,  and  to  facili- 
tate reference  to  and  future  collation  of  the  voluminous  material  col- 
lected ;  but  the  amount  of  office  work  largely  increases  from  year  to 
year,  and  has  already  assumed  dimensions  disproportionate  to  the 
working  force. 

Geiu'i-al  circulars  and  schedules  relating  to  the  migration  and  geo- 
graphical distribution  of  North  American  birds  are  mailed  semi- 
annually to  nearly  three  thousand  regular  correspondents,  and  cir- 
cuhirs  on  special  subjects  are  prepared  and  sent  out  as  occasion 
demands. 

Scores  of  thousands  of  small  birds  are  killed  each  year  by  striking 
the  light-houses  along  the  coasts  and  lakes  of  the  United  States  and 
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Canada,  and  the  keepers  of  these  lights  are  requested  to  transmit  to 
this  Division  full  accounts  of  the  phenomena  accomj^anying  such 
catastrophes,  together  with  specimens  (heads  and  wings)  ot  the  birds 
killed.  The  material  thus  contributed  is  sufficient  in  itself  to  occupy 
an  assistant  during  the  entire  year,  and  when  to  tliis  is  added  the 
equally  valuable  reports  of  many  hundred  voluntary  inland  observei*s 
throughout  the  United  States  and  Canada,  it  will  be  seen  that  little 
can  be  accomplished  with  the  present  force  of  the  Division,  now  al- 
most exclusively  occupied  in  the  more  purely  economic  phases  of 
the  work. 

All  information  received,  whether  in  reply  to  circulars  or  con- 
tributed independently,  is  indorsed  with  the  name  and  address  of  its 
contributor,  the  date,  and  a  brief  statement  of  its  contents;  it  is  then 
filed  and  indexed  for  ready  reference.  Careful  separation  is  made  of 
notes  relating  to  the  different  subjects  under  investigation  in  order 
to  facilitate  its  ready  access  and  arrangement  for  bulletins  or  reports 
on  special  species  or  groups  of  -species.  A  record  index  of  all  mat- 
ter received  is  kept  on  cards  printed  for  that  purpose,  and  arranged 
alphabetically  according  to  localities.  General  interest  in  the  prac- 
tical work  of  the  Division  increases,  and  a  very  large  item  of  oflSce 
work  is  that  which  relates  to  the  regular  correspondence  of  the  day. 
Upwards  of  three  thousand  letters  were  answered  during  the  year 
1888,  many  of  which  necessitated  considerable  research  in  order  to 
answer  the  inquiries  contained.  All  communications  received  are 
promptly  acknowledged,  and  press  copies  are  taken  of  all  letters 
written. 

CINCINNATI  EXPOSITION. 

In  the  summer  and  fall  of  1888  an  exposition,  entitled  the  "  Centen- 
nial Exposition  pf  the  Ohio  Valley  and  Central  States,"  was  held  at 
Cincinnati,  Ohio,  opening  July  4  and  closing  November  8.  As  a 
part  of  the  exhibit  of  the  Agricultural  Department  this  Division 
placed  on  exhibition  a  collection  of  the  birds  of  prey  of  the  United 
States.  Through  co-operation  with  the  United  States  National  Mu- 
seum the  series  of  species  shown  was  very  complete,  nearly  every 
known  species  of  North  American  Hawk  and  Owl  being  represented 
by  at  least  one  specimen.  In  many  cases  the  young  as  well  as  the 
adults  were  exhibited,  and  both  sexes  where  the  plumage  of  the  male 
differs  from  that  of  the  female.  To  each  specimen  was  attached  a 
large  printed  label,  giving  its  common  and  scientific  names,  its  distri- 
bution, and  its  food.    Following  is  an  example  of  one  of  these  labels  ; 


RED-TAILED  HAWK. 

Biiteo  horealis  (Gin.). 

Habitat. — Eastern  North  America  to  and  inclufling  the  Missis- 
sippi Valley;  north  to  the  Fur  Countries;  south  through  eastern 
Mexico  to  Guatemala. 

Food. — Mice  and  other  small  mammals,  toads,  snakes,  frogs, 
and  crawfish,  with  an  occasional  chicken  or  small  hu*d. 

Of  311  stomachs  examined,  258  contained  mice  and  other  mam- 
mals; 24,  insects;  29,  jxudtry  or  game  birds;  35,  other  birds;  9, 
l>atrachians  or  rej)tiles;  4,  offal;  3,  crawfish;  and  29  were  empty. 
Two  hundred  and  ten  examined  by  the  Division  contained  270 
mice. 
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The  following  species  of  birds  of  prey  were  exhibited: 


Red-tailed  Hawk  (Buteo  borealis). 
Western  Red-tailed  Hawk  (Buteo  borealis 

calurus). 
Harlan's  Hawk  (Buteo  liarlani). 
Swainson's  Hawk  (Buteo  swainsoni). 
Zone-tailed  Hawk  (Buteo  abbreviatus). 
RcHl-shouldered  Hawk  (Buteo  lineatus). 
Red-bellied  Hawk  (Buteo  lineatus  ele- 

gans). 
White-tailed  Hawk  (Buteo  albicaudatus). 
Broad-winged  Hawk  (Buteo  latissimus). 
Rough-legged  Hawk  (Archibuteo  lago- 

pus). 
American  Rough-legged  Hawk  (Archi- 
buteo lagopus  sancti-johannis). 
Squirrel  Hawk  (Archibuteo  ferrugineus). 
Harris's    Hawk    (Parabuteo   unicinctus 

harrisi). 
Mexican  Black  Hawk  (Urubitinga  an- 

thracina). 
Goshawk  (Accipiter  atricapillus). 
Mexican  Goshawk  (Asturina  plagiata). 
Osprey  or  Fish  Hawk  (Panoion  halise- 

tus). 
Audubon's  Caracara   (Polyborus  cheri- 

way). 
Golden  Eagle  (Aquila  chryssBtos). 
Bald  Eagle  (Haliseetus  leucocephalus). 
Duck  Hawk  (Falco  pere^rinus  anaiiim). 
White  Gyrfalcon  (Falco  islandus). 
Prairie  Falcon  (Falco  niexicanus). 
Sparrow  Hawk  (Falco  sparverius). 
Pigeon  Hawk  (Falco  coiumbarius). 
Richardson's  Merlin  (Falco  richardsoni). 


Aplomado  Falcon  (Falco  f  usco-coerulcs- 

cens). 
Mississippi  Kite  (Ictinia  misGossippiimsis). 
White-tailed  Kite  (Elanus  leucurus). 
Swallow-tailed  Kite  (Elanoides  forfica- 

tus). 
Everglade  Kite  (Rostrhamus  sociabilis). 
Manu  Hawk  (Cucus  hudsonius). 
Sharp-shiimed  Hawk  (Accipiter  velox). 
Cooper's  Hawk  (Acdpiter  cooperi). 
Great  Homed  Owl  (mbo  viigmianus). 
Western  Homed  Owl  (Bubo  Tinginianus 

subarcticuB). 
Great  Grey  Owl  (Sootiaptex  cineroum). 
Snowy  Owl  (Nyctea  nyctea). 
Barred  Owl  (l^rrnium  nebulosum). 
Spotted  Owl  (Symium  ocddentale). 
mm  Owl  (Strix  pratincola). 
Hawk  Owl  (Somia  ulula  capaxoch). 
Richardson's  Owl  (Nyctala  tengmalmj 

richardsoni). 
Saw-whet  Owl  (Nyctala  acadica). 
Screech  Owl  (Megascope  asio). 
Flammulated  ScSeech  Qwl  (bSiegaacojpB 

flammeolus). 
Ferruginous  Pygmy  Owl  (Glaucidium 

phaiasnoides). 
Pigmy  Owl  (Glaucidium  gnoma). 
Elf  Owl  (Micropallas  whilaeyi). 
Burrowing  Owl  (Speotjrto  cunicalaria 

hypogsaa). 
Short-eared  Owl  (Asio  aocipitrinus). 
Long-eared  Owl  (Asio  wilsonianus). 


In  addition  to  the  series  of  birds  of  prey  above  enumerated,  the 
Division  put  on  exhibition  the  following  other  birds  of  known  eco- 
nomic importance: 

Rusty  Blackl^rd  (Scolecophagos  csro- 

linus). 
Purple  Grackle  (Qoiscalus  quiacola). 
Boat-tailed  GraoJde  (Qaisoalus  major). 
Meadow  Lark  f  Stumella  magna). 
Bob-white  (Oolmus  vixginianiis). 


Bobolink  (Dolichonyx  oryzivorus). 
Cowbird  (Molothrus  ater). 
Yellow-headed  Blackbird  (Xanthoceph- 

aJus  xanthocephalus). 
Red-winged  Blackbird  (Agelaius  phoeni- 

ceus). 


A  collection  of  mammals  also  was  exhibited,  comprising  the  fol- 
lowing: 


Opossum  (Didelphis  virginianus). 
Prairie  Dog  (Cynomys  ludovicianus). 
Beechey's    Spermophile    (Spermophilus 

granimurus  beecheyi). 
Richardson's  Spermophile  (Spermophilus 

richardsoni). 
Striped  Spermophile  (Spermophilus  tri- 

decemlineatus). 
Red  Squirrel  (Sciurus  hudsonius). 
Muskrat  (Fiber  zibethicus). 
Meadow  Mouse  (Arvicola  riparius). 
Rice  Field  Mouse  (Oryzomys  palustris). 
White-footed  Mouse  (Hesperomys  leuco- 

pus). 
House  Rat  (Mus  decumanus). 
Pocket  Gopher  (Geomys  bursarins). 


Gray  Pocket  Gkypher  (Thomomys  bulbiv- 

oroos). 
Porcupine  (Erethinm.  dofsatos). 
Rabbit  (Lepus  sylTatioos). 
Short-tailed  Shriaw  (Blanna  breyicanda). 
Mole  (Scalom  aquaociis).  ' 
Star-noeed  Hole  (Oondyliira  cristata). 
Skunk  (Miephitis  mepXutica). 
Badger  nnaxidea  amerioana). 
Weasel  (Patoriiu  enmnea). 
Mink  (lAitreola  Tison). 
Gray  FoxJUrocyon  yirginiaaiia)^ 
Red  Fozjfviilpea  ftaJyus). 
Prairie  wolf  or  Coyote  (Oaxiis  latrans). 
Wildcat  (Lgmx  rafns). 
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THE  GEOGRAPHICAL  DISTRIBUTION  OF  SPECIES. 

The  suT)ject  of  the  geographical  distribution  of  species  is  one  whose 
importance  from  the  economic  stand-point  can  hardly  be  overesti- 
mated, and  one  which  ought  to  receive  vastly  more  attention  than 
can  possibly  be  ^iven  it  with  the  present  limited  means  at  the  dis- 
posal of  the  Division.  As  the  work  of  the  geologist  in  his  search 
lor  coal-fields  and  mineral  wealth  must  be  preceded  by  the  work  of 
the  topographer,  who  furnishes  him  maps  on  which  to  indicate  the 
position  of  Eis  discoveries,  so  should  the  work  of  the  economic  zoolo- 
gist be  based  on  a  knowledge  of  the  geographic  distribution  of  spe- 
cies. Were  this  knowledge  available,  both  the  agricultural  experi- 
ment station  and  the  intelligent  farmer,  wherever  located,  would 
derive  great  benefit  therefrom,  and  millions  of  dollars  now  spent  in 
indiscriminate  experimentation  might  be  saved. 

In  order  to  understand  this  fully  it  is  necessary  to  bear  in  mind 
certain  fundamental  facts  and  laws.  It  is  a  matter  of  common  ob- 
ser^/ation  that  different  groups  of  animals  and  plants  inhabit  differ- 
ent regions,  even  in  the  same  latitude:  that  some  forms  are  almost 
cosmopolitan  in  distribution,  while  others  are  restricted  to  very  lim- 
ited areas;  that  the  ranges  of  very  dissimilar  species  are  often  geo- 
graphically coincident ;  and  that,  as  a  rule,  animals  inhabiting  con- 
tiguous areas  are  more  nearly  related  than  animals  inhabiting  remote 
areas.  The  recognition  of  these  facts  early  led  to  the  attempt  to 
divide  the  surface  of  the  earth,  according  to  its  animal  life,  into 
*^faunal'^  districts.  The  term  "fauna"  is  used  to  designate  the  sum 
or  the  animal  life  of  a  region. 

As  a  general  rule  it  may  be  stated  that  the  causes  which  govern 
the  distribution  of  one  group  of  land  animals  govern  also  the  dis- 
tribution of  other  groups  of  land  animals,  and  of  plants  as  well. 
It  follows  that  a  plant  or  animal  found  abundantly  inhabiting  any 
part  of  a  particular  faunal  area  will  be  found  in  other  parts  of  that 
area,  subject,  of  course,  to  loc«al  restri(?tions.  The  practical  applica- 
tion of  this  kiiowlo(lge  is  obvious. 

In  experimenting  with  a  crropor  garden  plant  of  limited  natural 
or  artificial*  range  it  would  be  necessary  only  to  ascertain  the  extent 
of  the  faunal  area  in  whirOi  it  thrives  in  order  to  know  just  where  it 
might  be  introduced  with  every  prospect  of  success,  soil  and  other 
local  modifying  influeju'os  being  suitable.  Moreover — and  this  per- 
haps is  of  even  greater  importance  from  the  economic  stand-point — 
the  possession  of  this  knowledge  would  indicate  in  advance  the  limits 
of  the  area  outside  of  which  the  i)lant  wtnild  not  flourish.  Plants 
are  much  more  susceptible  than  animals  to  minor  environmental  in- 
fluences, such  as  slight  differences  in  altitude  and  soil,  daily  varia- 
tions in  temperature,  humidity,  exposure  to  sunlight,  and  protection 
from  wind;  therefore  slight  local  conditions  which  would  be  unno- 
ticed in  the  case  of  mammals  or  birds  must  be  carefully  considered 
in  the  case  of  plants. 

This  is  but  one  of  the  ways  in  which  a  knowledge  of  the  distribu- 
tion of  species  would  be  of  advantage  to  the  practical  agriculturist. 
It  would  help  him  also  in  his  relations  with  injurious  and  beneficial 
species,  as  he  would  know  beforehand  just  what  specie3  were  to  be 
looked  for  in  his  immediate  vicinity.  Furthermore,  in  the  case  of 
noxious  animals  or  weeds  which  from  time  to  time  suddenly  extend 

*By  artificial  range  is  meant  the  rango  resulting  from  the  voluntary  aotoof  man. 
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their  range,  it  would  be  possible,  if  the  f aunal  status  of  a  particular 
species  had  l^een  previously  ascertained,  for  farmers  living  witniu 
the  particular  area  or  province  likely  to  be  invaded  to  prepare  in 
advance  for  its  coming,  or  to  avoid  its  inroads  altogether  by  plant- 
ing crops  not  affected  by  it.  On  the  other  hand,  farmers  living  out- 
side of  the  region  over  which  this  species  would  be  likely  to  pass 
might  greatly  increase  their  revenues  by  giving  special  attention  to 
the  cultivation  of  the  particular  crops  affected  by  it.  In  short,  a 
knowledge  of  the  fauna!  areas  and  provinces  of  the  United  States, 
coupled  with  the  results  of  intelligent  experimentation  on  the  part 
of  the  various  agricultural  stations,  would  enable  our  farmers  to 
select  the  crops  best  adapted  to  their  localities,  and  would  put  an 
end  to  the  present  indiscriminate  experimentation  by  which  hun- 
dreds of  thousands  if  not  millions  of  dollars  are  needlessly  expended 
each  year.  Agriculture  and  biology  must  be  studied,  from  the 
geographic  stand-point  before  we  can  nope  to  avail  ourselves  of  the 
means  within  our  grasp  for  the  rapid  advancement  of  these  sciences. 
But  geogi-aphy  is  only  a  i)art  of  the  broader  science  of  physiography. 
Physiograpny  deals- with  the  earth's  exterior  in  relation  to  the  atmos- 
phere; it  attempts  to  correlate  the  forms  of  the  land — the  mountain 
ranges,  table  lands,  plains,  valleys,  and  water-courses — its  geologic 
structure,  soil,  elevation  above  sea  level,  and  slope  exposure  in  rela- 
tion to  sunlight,  with  the  phenomena  of  climate,  including  tempera- 
ture and  moisture  in  their  various  aspects. 

Our  aim  should  be  to  explain  the  distribution  of  animals  and  plants 
by  means  of  a  knowledge  of  the  conditions  which  govern  this  distribu- 
tion, and  to  formulate  the  laws  which  are  operative  in  bringing  about 
the  results  we  see.  In  other  words,  we  are  to  study  cause  and  effect 
in  the  relations  of  physiography  to  biology.  A  comparatively  meager 
sui)ply  of  information  is  sutiicient  to  indicate  in  a  general  way  the 
f aunal  subdivisions  of  a  region,  but  for  mapping  the  exact  boundaries 
of  such  areas  a  vastly  greater  and  more  precise  fund  of  knowledge 
is  necessary.  The  way  in  which  such  maps  are  prepared  is  by  col- 
lecting all  available  authentic  records  of  localities  where  the  par- 
ticular species  has  been  found.  This  is  done  by  compilation  of  pub- 
lished records,  by  examination  of  labels  of  museum  specimens,  and 
by  work  in  the  field,  the  latter  being  by  far  the  most  important.  The 
facts  thus  brought  together  are  arranged  alnhabetically,  and  are  tabu- 
lated under  the  head  of ' '  Species. "  The  localities  are  then  indicated  by 
colored  spots  on  an  outline  map,  the  space  surrounded  by  the  spots 
being  washed  in  with  a  paler  tint  of  the  same  color.  A  separate  map 
is  devoted  to  each  species.  Faunal  maps  are  made  by  combining  a 
large  number  of  species  maps.  In  making  such  combinations  it  is 
found  as  a  rule  that  a  considerable  percentage  of  the  species  maps 
fall  into  certain  well-defined  categories  whose  color  patches  are  essen- 
tially coincident.  The  composite  resulting  from  the  co-oMination  of 
thes(^  maps  may  be  held  to  represent  the  natural  faunal  areas  of  a 
country.  Several  such  areas  mav  be  characterized  by  the  common 
|)ossession  of  species  not  found  elsewhere,  and  may  be  combined  to 
(M)iistitute  a  faunal  province;  several  provinces  a  region,  and  several 
reunions  a  realm  or  f)rimary  zoo-geographical  division  of  the  earth's 
surl  ace.  Having  ascertained  the  actual  extent  and  limitations  of  the 
;annal  districts,  it  remains  to  correlate  the  facts  of  distribution  with 
lu^  facts  of  physiography.  Foremost  among  the  influences  known 
to  affect  the  distribution  of  terrestrial  forms  of  life  are  the  protean 
elements  and  manifestations  commonly  termed  climate.    To  stop  at 
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the  word  "climate"  is  a  profession  of  ignorance.  We  must  look  to 
the  separate  elements  that  go  to  make  up  climate,  and  must  study 
the  physical  features  which  determine  tlie  so-called  climatic  condi- 
tions prevalent  in  any  region.  Among  the  most  potent  of  atmos- 
pheric influences  are  temperature,  humidity,  and  wind,  each  of  which 
must  be  considered  both  singly  and  in  combination  with  one  or  both 
of  the  others. 

Finally,  the  interrelation  of  plants  and  animals  must  not  be  lost 
sight  of.  Here  we  have  to  do  with  tlie  intiueiices  of  vegetation — of 
forests,  thickets  of  undergrowth,  plains  of  sage-brush,  prairies  of 
waving  grass,  and  the  multitude  of  otlier  forms  which  plants  assume 
in  their  efforts  to  hide  the  bare  surface  of  the  earth — upon  the  dis- 
tribution of  animal  life.  Conversely,  the  effects  of  animal  life  in 
checking  or  limiting  the  growth  and  dispersion  of  plant  life  remain 
to  be  considered.  And  this  takes  us  back  to  the  original  economic 
work  of  the  Division. 

'  The  great  importance  of  a  knowledge  of  the  geographic  distribu- 
tion of  species,  particularly  in  view  of  the  large  sums  recently  ap- 
propriated for  the  establishment  of  agricultural  experiment  stations 
in  various  parts  of  the  country,  has  led  the  Division  to  undertake  the 
preparation  of  a  numl>er  of  colored  maps  showing  "what  is  now  known 
of  the  distribution  of  particular  species  of  mammals  and  birds.  Only 
a  beginning  has  been  made,  ana  further  progress  must  be  slow  for 
want  of  adequate  means  to  carry  on  the  'work.  Competent  field  agents 
must  be  sent  to  many  parts  of  the  country  to  collect  information  be- 
fore the  work  can  be  completed.  It  is  hoped  that  the  means  of  doing 
this  will  be  granted  the  Division.  ^ 

SPECIAL  REPORTS. 

The  following  special  reports  will  be  found  herein  : 

1)  Introduced  Pheasants.    By  Dr.C.  Hart  Merriam,  Ornithologist. 

(2)  The  Mink  {Lxdreola  vison).  By  Dr.  C.  Hart  Merriam,  Orni- 
thologist. 

(3)  The  Sparrow  Hawk.  By  Dr.  A.  K.  Fisher,  Assistant  Ornitholo- 
gist. 

(4)  The  Short-eared  Owl.  By  Dr.  A.  K.  Fisher,  Assistant  Omithol- 
ogist. 

(5)  The  Food  of  Crows.  By  W,  B.  Barrows,  Assistant  Ornitholo- 
gist. 

(6)  The  Rose-breasted  Grosbeak,  an  Enemy  of  the  Potato  Bug. 

INTRODUCED  PHEASANTS. 

PACIFIC  COAST  REGION. 

Four  flourishing  colonies  of  introduced  Pheasants  now  exist  in  the 
Pacific  Coast  region.  The  most  northerly  of  these  is  on  the  south 
end  of  Vancouver  Island,  near  Victoria  ;  the  second  on  Protection 
Island,  in  Puget  Sound  ;  the  third  at  the  junction  of  the  Willamette 
River  with  the  Columbia;  and  the  fourth  in  the  middle  i)ortion  of 
the  Willamette  Valley.  The  two  latter  colonies  are  now  separated 
by  so  narrow  a  strip  of  territory  that  they  will  doubtless  Decomo 
united  during  the  next  few  years.  The  above  facts  were  ascei^tained  by 
personal  observation  in  the  early  autumn  of  1888.    All  of  the  Pheas- 
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ants  comprising  the  tliree  colonies  last  mentioned  appear  to  have 
been  imported  from  China  by  Judge  O.  N.  Denny.  Concerning  the 
exact  dates  of  the  several  importations,  and  the  number  and  kinds 
of  birds  imported,  it  is  difficult  to  obtain  positive  information,  as 
may  be  seen  from  the  somewhat  conflicting  testimony  appended  to 
tliis  article.  The  species  positively  ascertained  to  be  present  in  the 
Oregon  colonies  are  the  following  :  The  Golden  Pheasant  {Chrysolo- 
jyhus  pictiis),  Green  Pheasant  (Phasianus  versicolor),  and  Ring 
Pheasant  (Phaslaniis  torquatus),  of  which  the  latter  is  by  far  the 
most  abundant.  I  am  not  aware  that  the  so-called  English  Pheas- 
ant {Phasianus  colchicxis)  is  found  in  Oregon,  though  it  is  the  species 
most  frequently  introduced  in  the  Eastern  United  States. 

On  Protection  Island,  near  Port  Townsend,  in  Puget  Sound,  there 
are  at  present  tliree  species  of  imported  Pheasants,  namely:  The 
Golden,  the  Mongolian  or  Ring-necKed,  and  the  Silver.  They  were 
sent  there  bv  Juage  O.  N.  Denny,  from  China,  alon^  with  two  other 
species  which  soon  disappeared  and  have  not  been  since  heard  from. 
0\\(}  of  the  latter  seems  to  have  been  a  species  of  Partridge.  I  was 
told  that  these  birds  were  sent  to  Protection  Island  for  the  pur- 
pose of  breeding  and  multiplying  in  order  that  they  might  be  ex- 
ported to  stock  various  parts  of  the  Pacific  coast  re^on,  particu- 
larly in  Oregon  and  California.  The  owner  of  the  island,  a  Mr. 
Powers,  was  paid  at  first  to  take  care  of  the  Pheasants,  to  feed  them 
when  necessary,  and  to  Is^eep  oft  shooters.  After  the  first  year  or 
two,  however,  the  pay  was  discontinued  and  the  Pheasants  became 
the  property  of  the  owner  of  the  island.  I  am  informed  that  the 
island  has  been  sold  recently,  together  with  the  Pheasants,  to  some 
one  in  California.  The  Golden  Pheasants  and  Ring-necks  have  mul- 
tiplied and  are  now  abundant,  but  the  Silver  Pheasants  have  de- 
creased, and  not  more  than  about  a  dozen  are  left.  They  are  shy 
and  keep  in  the  wckxIs.  The  Golden  Pheasants  are  iame,  and  will 
ovoii  eat  from  the  luind.  The  Ring-necks  are  said  to  be  the  most 
numerous  of  all,  and  to  be  as  wild  as  the  native  Grouse.  About  half 
the  island  is  cleared  and  has  grown  up  to  grass,  the  remaining  por- 
tion Ijeing  covered  Avith  dense  evergreen  forests  and  undergrowth. 
I  am  tol(l  tliat  the  Crows,  doubtless  Cor v us  cauriniiSy  have  learned 
the  nesting  habits  of  the  Pheasants  and  are  likely  to  prove  a  check 
to  tlieir  increas(\  as  thev  devour  the  eggs. 

Mr.  A.  H.  Morgan,  of  l^ortland,  Oregon,  has  given  me  the  following 
information  concerning  the  importation  of  Pheasants  into  Oregon: 
All  the  birds  imjjorted  were  sent  from  China  by  Judge  O.  N.  Denny, 
tlien  consul-general  to  Shanghai,  at  a  total  cost  of  about  $300.  They 
were  sliipped  to  Mr.  Morgan,  my  informant,  who  personally  looked 
after  and  liberated  them. 

Ph?:asants. — The  first  importation  (1881?)  consisted  of  Mongolian 
Ring-necks,  with  the  exception  of  three  Sand  Grouse  or  Partridges, 
wlii(  li  latter  were  nevei*  heard  from  after  their  liberation.  This 
l)atcli  was  shi])ped  on  a  vessel  which  went  to  Puget  Sound,  The 
Plu'asauts  were  put  into  chicken  crates  and  sent  from  Puget  Sound 
to  Portland,  where  Mr.  Morgan  received  them.  Most  of  them  died 
on  tlie  way,  but  twelve  males  and  three  females  reaching  Portland 
ali\  (\  These  were  taken  at  once  to  the  farm  of  George  Green,  at 
tli»^  iHDuth  of  the  Willamette  River,  about  12  miles  from  Port- 
land, where  they  were  set  at  liberty.  Though  wild  they  returned 
to  tho  ham-yard  to  fejed  with  the  chickens.  This  was  in  spring. 
Duriii:.!:  tlio  summer  two  of  the  three  hens  were  observed  with 
J  AG  88 31 
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broods,  and  it  was  thought  that  the  third  hen  was  successful  also  in 
rearing  young.  At  all  (ivents  they  began  to  spread  in  the  fall  of  the 
same  year,  and  were  found  on  Sox)hia  Island  as  well  as  at  several 

E laces  on  the  main-land  before  winter.  They  wintered  well,  and 
ave  been  increasing  ever  since.  Thoy  are  now  common.  Soon 
after  their  iinportiition  the  legislature  passc^d  a  special  act  for  their 
protection. 

The  second  importation  (1S82?)  consisted  wholly  of  Mongolian 
Ring-necks.  Thirty-iive  or  thirty-six  birds,  about  half  of  eaen  sex, 
were  sent  direct  from  Cliiiia  to  Portland,  where  they  arrived  in 
fair  condition.  Tlu^y  wen*  taken  to  Washington  Butte,  about  12 
miles  east  of  Al])aTiy,  in  t lie  Willamette  Vallej,  and  there  liberated. 
Within  two  months  a  i)air  was  observed  on  a  farm  60  miles  from 
the  place  where  ihviy  were  set  at  libei-ty.  They  crossed  the  river 
into  l*olk  County  the  sann?  year,  and  are  now  abundant  in  Polk,  Ma- 
rion, and  Linn  Counti(>s.  The  two  original  colonies  have  never  met, 
thero  being  an  area  across  the  Lowta*  Willamette  where  Pheasants 
have  not  yet  api)eared.  Some  complaints  of  their  depredations  in 
grain  fields  have  been  made  by  farnu^rs. 

Sand  Grouse. — In  or  alxmt  1881  nine  Sand  Grouse  were  liberated 
on  the  Clatsoj^  Plains.  Thc^y  promptly  disai)p<»fired  and  have  not 
been  heard  fr(jm  since. 

The  Ame7^irfin  Ff'f'ld  for  January,  1885  (p.  57),  contains  the  fol- 
lowing notice: 

Arrival  of  Chi  now  Game  Birds, — Judge  O.  N.  Donny,  who  arrived  herefrom 
China  by  tlio  lii-st  stciiincr,  wiys  tlie  Portland  Oregoniau,  brought  with  him  thirty 
baskets  and  seven  cmtf^s  ol  Chinest^  game  birds.  Thev  comprise  specimens  of  sue 
varieties  of  tlie  pheasant  family,  an<l  arrived  in  splendid  onler,  only  four  of  Hbout 
ninety  birds  shi})i)ed having  died;  *  *  *  of  the  nuniljer  thirty-one  are  CJolden 
Pheasants.  *  *  *  Tlu^  nMnainder  are  Silver,  ('op])er,  Green,  Trogapan,  and 
Ring-neek(Kl  Pheasants,  ther(»  b(»ing  only  a  few  of  the  latttjr,  of  which  Judge  Denny 
made  several  shipments  while  in  Cliina,  which  are  now  doing  well  and  increasing 
rai)idly  in  varioiLS  wH'tions  of  the  State. 

Mr.  Asher  Tyler,  of  Fcn-est  Grove,  Oregon,  has  kindly  written  the 
folhnving  in  r(»ply  to  my  inciuiries  on  the  subject: 

From  the  time  the  Pheasants  mentioned  in  your  letter  were  imported  by  Judge 
O.  N.  Denny  I  have  watched  them  closely  and  have  h^arned  their  habits  thor- 

ouglilv. 

(1)  the  Rinf/'Ucckii  were  let  loose  in  1H82.  Fiftwn  females  and  ten  males  were 
plac(»d  on  Judge  Denny's  farm,  95  miles  south  of  Forest  Grove.  Two  yeai'c  ago 
two  or  (liree  were  seen  in  our  neighborhood.  I^ow  (January  21,  1889)  there  are 
about  two  lumdred  of  them  in  our  vicinity,  havhig  s]>read  very  rapidly  and  increased 
won(l(?rlully.  The  feMiiales  pr(Mluce  from  fifteen  to  eighteen  eggs  of  good  size  at 
each  litter,  and  hatch  th(?m  all.  Some  of  them  lay  two  littcTS  a  vear  or  season,  and 
raise  all  their  yr)ung.  The  old  ones  have  lots  of  iierve:  will  fight  a  hawk,  or  any- 
thing tJiut  conus  near  tliem.  The  ccK-ks  will  go  in  a  barn-yard  and  whip  the  lieet 
barn-yard  fowls  we  have,  and  run  things  according  to  their  own  notion.  They  are 
verv  liardv  antl  stand  our  winters  well.  Their  favorite  haunts  are  low  grounds  near 
fields  of  grain,  on  which  they  depredate.  They  are  v<'ry  destnictive  to  gardens  as 
well.     Thev  nest  in  old  straws  tacks,  stubble  lieUls.  or  grass  patchew.  Ix'ginning  in 


'he  weight  of  the  maU's  is  alnnit  5  jMnrnds:  of  the  females,  4  ])ounds. 
("2)  The  Gulden  rhea:<anfH  ja-esented  by  Judge  Denny  to  the  Rod  and  Gun  Club, 
of  P(>rtland,  Oregon,  two  or  three  years  latter,  were  ])laced  on  Protection  Island. 
Puget  Hound,  and  have  IxH'ome  numerous.  A  i)air  was  set  at  liU'rty  on  the  Clatsop 
Plains,  near  Astoria,  wIktc  they  have  increased  rajndly.  Occasiomilly  one  is  aeen 
in  our  vicinity,  about  90  miles  from  where  they  were  tumeil  loose  four  years  ago. 
Yesterday  I  saw  two  iKiirs  of  Golden  Pheasants  a  short  distance  from  town.    Their 
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habits  aro  about  the  same  as  those  of  the  Riii£-nocks«  They  are  hardy,  easily  do- 
meeticated,  but  not  as  prohiic  as  the  Ring-neck.    Tlieir  flesh  is  white  and  tender, 

(8)  The  Tragapan  Pheasant.^^nly  two  females  came  through  aUve.  They  were 
turned  loose  on  Protection  Island  with  the  Golden.  I  have  not  been  able  to  get  any 
account  of  wliat  became  of  them  after  beine  turned  out. 

The  above  birds  are  all  protected  by  State  laws  for  two  years  longer,  but  in  sev- 
eral of  the  counties  they  have  become  so  numerous  that  farmers  kill  them  asa 
nuisance.  Report  saN^s  that  whole  fields  of  wheat  have  been  destroyed  by  them, 
and  that  gardens  are  torn  ui) — not  even  onions  being  exempt  from  their  api^etities. 
Gr(\it  complaints  are  made  against  them.  The  legislature  of  our  State  nas  been 
petitioned  to  repeal  the  law  protecting  them.     (Letter  dated  January,  1889.) 

Dr.  F.  S.  Matteson  writes  from  Aumsville,  Marion  County,  Oregon, 
under  date  of  January  22,  1889: 

The  bird  in  question  was  sent  here  from  China  by  Hon.  O.  N.  Denny,  American 
minister  to  that  country,  some  seven  vears  ago.  There  were  two  importations, 
one  of  which  I  did  not  see,  but  I  think  there  were  fifteen  or  twenty  hens,  with  a  lees 
number  of  males.  Now  they  are  plentiful  in  most  parts  Of  the  Willamette  Valley, 
but  I  am  not  informed  that  they  have  as  yet  i)a5sed  outside  of  it.  They  ai'e  more  a 
bird  of  oi)en  ground  tlian  the  native  Pheasant.  They  seek  brush  ana  timber  for 
shelter  when  flushed,  but  will  not ' '  tree  *'  for  a  dog.  They  usually  make  a  loud  cack* 
ling  noise  when  flushed.  They  lie  close,  and  run  and  hide  with  remarkable  dexter- 
ity, and  are  a  hard  bird  to  get.  This  Pheasant  is  well  adapted  to  take  care  of  liimself , 
is  increasing  fast,  and  has  evidently  come  to  stay.  He  is  voted  a  nuisance  by  the 
farmer,  and  I  am  afraid  his  introduction  will  prove  a  calamity  to  the  oountry,  what- 
ever it  may  be  to  the  sportsman.  He  is  a  vigorous  fighter,  and  there  are  many 
rejM)rts  of  his  going  through  the  farmers'  roosters.  Cases  are  reported  of  his  crossing 
with  the  hens.  Ho  is  destructive  in  gardens,  and  in  patches  of  berries  and  amaU  fruits. 
I  am  of  opinion  tliat  he  robs  the  nests  of  other  birds.  The  Quail  have  nearly  disap- 
peared in  this  locality  since  his  advent,  and  I  think  he  is  to  blame.  He  is  pretty  good 
eating,  about  like  our  native  Plieasant,  but  I  am  inclined  to  regard  him  as  agaudilj 
painted  deception  and  a  fraud.     But  we  have  got  him,  and  our  State  law  for  his 

Erotection  has  yet  four  yeai's  to  run.    Happily,  nowever,  it  is  fast  becoming  "  more 
onored  in  the  breach  than  in  the  observance,"    That  he  will  overrun  the  United 
States,  at  least  all  hut  the  heavily  timbered  "portions  of  it,  I  have  no  doubt.     All  the 

f)lains  country  and  untimbered  hills  and  mountains  between  this  coast  and  the  At- 
antic  are  adapted  to  him,  especially  the  more  southern  parts,  and  I  see  nothing  to 
prevent  him  from  spreading  himself.  The  State  that  protects  him  will  jx\a£e  a 
grave  error,  for  he  is  of  no  "use  except  as  a  *'  game  bird,"  and  will  crowd  out  many 
other  useful  kinds.  He  "roostss"  on  tlie  ground,  hiding  in  grass  or  weeds.  The 
hen  lays,  on  the  ground,  from  twelve  to  eighteen  eggs  at  a  clutch,  and  raises  two 
and  sometimes  three  broods  in  a  season.  The  male  "  crows  "  something  like  a  young 
domestic  rooster  just  learning  the  art,  and  flaps  or  rather  flutters  his  wings  after- 
ward. He  will  sit  on  a  fence  and  crow  for  hours,  in  plain  view,  when  you  nave  no 
gun,  but  if  you  think  you  can  get  him  when  you  have  your  gun,  try  it  and  see! 

Mr.  R.  S.  Barr,  also  of  Aumsville,  Oregon,  writes  as  follows: 

In  the  spring  the  male  gf)es  alone.  Mornings  they  crow  like  our  common  cock  of 
the  barn-yard.  They  hatch  about  the  Ist  of  May.  Thev  are  very  destructive  birds 
both  to  grain  and  small  fruits.  The  Pheasant  is  naturally  a  tamelsird.  When  not 
disturlied  he  often  comes  in  the  chicken  yard  and  fights  the  chickens.  It  is  generally 
believed  that  he  destroys  tlie  eggs  and  young  of  useful  native  birds,  but  we  have  no 
proof  of  this.  There  is  a  law  to  protect  him  here,  but  it  is  generally  disregarded  by 
the  }HM)ple.     (Letter  dated  January  24,  1889.) 

Mr.  George  S.  Johns  writes  that  at  Kalama,  Wash.,  they  are 
abundant  and  on  the  increase.  It  is  evident  that  the  birds  round 
tliere  came  from  the  colony  at  the  mouth  of  the  Willamette  River, 
only  about  30  miles  distant. 

Mr.  L.  Belding,  of  Stockton,  Cal.,  contributes  the  following: 

Some  years  ago  a  flock  of  English  Pheasants  was  put  out  in  the  woods  of  Santa 
Cniz  County,  Cal. ,  but  nothing  has  been  seen  or  heara  of  them  since.  Oolonel  Hay- 
mond,  of  San  Mateo,  has  a  number  of  these  bu'ds,  Englii^  and  Japanese,  but  he  has 
had  no  success  in  raising  them;  when  let  out  they  suddenly  disappear  and  nothing  is 
5>een  or  heard  of  them.    Mr.  Howard,  near  by,  has  experimentea  with  the  sam^  bird. 
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A  few  weeks  since  he  informed  me  that  liis  foreman  told  him  he  had  seen  a  flock  of 
twenty-two.  The  birds  mentioned  are  the  only  ones  experimented  with.  Certainly 
thus  far  the  experiments  in  California  are  not  a  success.  In  Oregon  they  have  met 
with  great  success.  •••, . 

The  Portland  Oregonian  of  January  30,  1889,  contains  the  follow- 
ing letter  from  Hon.  T.  T.  Geer  in  relation  to  the  Pheasant  legisla- 
tion : 

THE  MONGOLIAN  PHEASANTS. 

Salem,  Oregon,  January  21). 
To  the  Editor  of  tJie  Oregonian  : 

The  Oregonian  seems  to  misunderstand  the  main  feature  of  the  Mongolian  Pheas- 
ant bill  now  before  the  legislature. 

While  the  bill  as  introduced  by  myself  does  repeal  the  original  act  of  protection, 
the  game  laws  of  the  State  are  amended  so  as  to  afford  the  same  protection  to 
Mongolian  Pheasants  as  to  all  other  birds  of  similar  nature. 

Those  oif  our  people,  who  are  unused  to  these  birds  would  upon  further  acquaint- 
ance view  this  bill  m  a  different  liglit.  In  the  matter  of  **  multiplying"  they  seem 
to  regard  themselves  as  having  been  specially  included  in  the  original  biblical  in- 
;jimction,  and  are  striving,  in  season  and  out,  for  first  money.  *  *  *  ■  You  liad 
just  as  well  provide  for  the  prevention  of  the  extermination  of  grasshoppers;  as 
a  farmer,  however,  I  not  only  have  no  objection  to  them  but  rather  admire  them, 
and  would  not  for  a  moment  favor  a  measure  that  would  tend  to  act  even  as  a 
check  to  their  propagation. 

In  the  Sunday  Oregonian  you  admit  that  "  in  some  places  they  do  damage  to 
grain  fields,"  but  excuse  them  for  the  reason  that  the  damage  **  doesn't  amount  to 
much  in  the  aggiegate,"  and  the  inference  is  that  they  must  be  unmolested  until 
their  damage  does  amount  to  *'  much  in  the  aggregate,"  and  then  the  protection 
may  be  withdrawn  safely. 

It  is  a  curious  argument  that  confesses  a*  thing  to  be  a  "nuisance"  now  by  ad- 
mitting that  it  injures  a  few  of  our  farmers,  but  still  insists  that  protection  must  be 
extended  to  it  until  it  becomes  strong  enough  to  reach  all  our  farmers  and  then 
turn  loose. 

I  am  a  friend  to  the  Mongolian  Pheasants,  and  willingly  favor  giving  them  the 
same  protection  afforded  our  other  birds,  but  where  they  are  numerous  enough  to 
destroy  grain  fields  it  certainly  ought  to  l)e  lawful  to  kill  them,  and  in  those  sec- 
tions of  the  State  where  there  are  none  it  is  not  at  all  likely  many  will  be  killed. 
»*  I  shall  vote  for  the  biU." 

T.  T.  Gbkb. 

THE  MINK  (Lutreola  vison). 

The  Mink  inhabits  the  whole  of  the  United  States,  excepting  the 
arid  regions,  which  arc  unfitted  for  its  habits  of  life.  It  is  a  species 
of  great  economic  importance,  both  on  account  of  the  value  of  its 
fur  and  on  account  of  its  injurious  habits.  As  an  enemy  to  the 
poultry  yard  it  ranks  ahead  of  the  Weasel  and  all  other  North  Ameri- 
can mammals.  Furthermore,  it  kills  large  numbers  of  fish,  as  it 
not  only  swims  and  dives  with  facility,  but  can  remain  lont>;  under 
water,  pursuing  and  capturing  its  prey  by  following  it  below  thd 
surface.  Oftentimes  its  destructiveness  in  this  respect  renders  it  a 
serious  obstacle  to  the  industry  of  fish  culture.  Away  from  the 
vicinity  of  man  it  habitually  feeds  upon  small  mammals,  birds  and 
their  eggs,  fish,  frogs,  turtles'  egga,  and  the  like.  In  the  nest  of  a 
Mink  I  (mce  found  the  remains  of  a  muskrat,  a  red  squirrel,  and  a 
downy  woodpecker.  Its  harmfuluess  is  offset  in  a  measure  by  the 
good  it  does  in  killing  injurious  rcnlents,  particularly  muskrats  and 
common  rats  and  mice.  Houco,  although  an  acknowledged  enemy 
to  the  poultry  raiser  and  fish  cul turist,  it  is  a  public  benefactor  in 
localities  where  muskrats  damage  dikes,  canals,  irrigating  ditches. 
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and  ponds.  At  the  same  time,  in  the  light  of  our  present  knowl- 
edii^\,  it  must  be  regarded  as  more  ininrious  than  beneficial,  at  least 
so  far  as  the  farmer  is  concerned.  From  the  farmers'  stand-point  it 
is  interesting  principally  as  an  enemy  to  barn-yard  fowls.  Though 
jinipliibioTis,  and  commonly  inhabiting  the  borders  of  ponds  and 
streams,  it. makes  long  excursions,  and  is  frequently  found  in  places 
remote  from  vrater-courses.  It  often  takes  up  its  abode  in  or  near 
the  poultry-yard  or  duck-pond,  remaining  there  for  weeks.  Its 
small  size  and  nocturnal  habits  help  to  conceal  its  movements,  and 
the  daily  loss  of  a  fowl  is  commonly  attributed  to  the  skunk,  fox, 
weasel,  or  ov»l. 

The  Mink  is  remarkably  strong  for  so  small  an  animal,  and  has 
been  known  to  drag  a  Mallard  Duck  more  than  a  mile  in  order  to  get 
to  its  hole,  where  it  was  joined  by  its  mate. 

In  times  past,  when  the  fur  of  the  Mink  commanded  a  higher  price 
than  at  present.  Mink  farming  has  been  carried  on  successfully  as  a 
X^roiitable  industry.  The  females  begin  to  breed  when  one  year  old; 
the  period  of  gestation  is  six  weeks,  and  from  three  to  ten  young  are 
born  at  a  time.  In  the  latitude  of  New  York  there  is  but  one  litter  a 
year,  and  this  is  brought  forth  in  the  early  part  of  May. 

Tlie  best  way  to  cax)ture  a  Mink  is  by  means  of  a  steel  trap,  prop- 
erly concealed  and  baited  with  a  bird  or  fish.  Prof  essional  trappers 
ihid  the  Mink  attracted  by  the  smell  of  an  oil  made  from  fish  that 
have  been  allowed  to  decay  in  a  loosely  corked  bottle  placed  in  the 
sun.  The  odor  from  this  oil  is  said  to  be  effective  at  considerable 
distances,  and  a  few  drops  of  it  will  often  entice  a  Mink  into  the 
trap  when  no  bait  is  visible. 

Ihe  following  examples  of  testimony  from  farmers  and  others  in- 
dicate tlie  extent  of  its  depredations: 

Dr.  William  C.  Avery,  or  Greensborough,  Ala.,  writes  that  in  the 
spring  of  1887  the  poultry  house  of  his  sister  was  visited  two  or  three 
times  a  week  by  a  Mink  until  at  least  a  dozen  hens  were  killed. 

David  H.  Henman,  of  Willows,  Dak.,  writes  that  in  December, 
1880,  a  Mink  killed  all  of  his  hens  in  one  night.     He  says: 

The  third  night  lie  killed  the  cock,  and  I  found  him  in  the  hen-house  the  next 
morning  taking  his  breakfast.  One  of  nay  neighbors  lost  fifty-one  fowls  in  one 
night  by  one  Mink,  which  was  found  in  the  morning  finishing  his  meal;  ho  was 
kiik'd  with  a  stick;  oidy  two  chickens  were  left  alive. 

William  H.  Ferrit,  of  Bristol,  111.,  says: 

The  Mink  is  the  worst  enemy  to  poultry  that  we  have.     He  follows  up  nmall 

streams  and  destroys  thousands  of  eggs  and  poultry. 

W.  H.  Head,  of  Bristow,  Iowa,  says: 

In  January,  1887.  a  Mink  visited  the  poultry  house  of  my  brother,  and  in  one 
nig))  J  killed  eighteen  full-gi'own  fowls.  The  hen-house  is  about  40  rods  from  a  large 
ni.'irsli  where  Minks  are  pltntiful.  During  the  past  winter  my  brother  lost  more 
than  one  hundred  fowls  from  these  pests.  We  once  set  a  large  Cochin  hen  in  the 
hanking  of  an  old  straw  stable.  This  was  some  time  in  June.  Early  one  morning  I 
observed  a  large  Mink  near  the  stable.  A  few  days  later  I  examined  the  nest.  There 
was  but  one  ef;g  left.  The  next  morning  I  went  to  the  stable  and  found  the  hen 
missing.  Reaching  back  into  a  hole  behmd  the  nest,  and  feeling  the  hen,  I  pulled 
her  out.  She  was  dead,  with  a  hole  in  her  neck  which  the  Mink  had  made  to  suck 
her  blooil.  The  next  day  my  brother  shot  the  Mink.  We  then  took  away  the  bank- 
ing of  the  stable  and  found  most  of  the  eggs  unbroken,  and  also  found  five  young 
Minks. 

John  B.  Lewis,  of  Eubank,  Ky.,  writes: 

In  the  summer  of  1884  I  lost  seven  cliickens  in  one  night  by  a  Mink.  The  night 
foUowmg  I  caught  the  Mink  on  itc  return  to  the  hen-house.    Again  on  tlie  night  of 
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November  16.  1887,  a  Mink  entered  our  hen-house  and  killed  one  hen.     The  foDow- 
ing  night  I  killed  it  on  its  return. 

William  G.  Voorheis,  of  South  Frankfort.  Mich.,  writes: 
One  Mink  killed  thirty-nine  hens  in  three  nights.    I  caught  the  aniinaL 

G.  C.  Dinsmoor,  of  Austin,  Minn.,  writes: 

I  had  five  ducks  and  two  hens  killeci  by  a  Mink;  caught  him  in  the  act. 

N.  W»  Wright,  of  Farmland,  Ind.,  writes: 

I  have  known  a  Mink  to  kill  as  many  as  twenty-four  grown  chickens  in  one  night 
in  this  neighborhood.     It  was  cauglit  in  a  trap  on  its  return  the  next  night. 

H.  J.  Giddings,  of  Sabula,  Iowa,  writes: 

In  September,  1886,  a  Mink  got  into  my  poultry  house  and  killed  ten  ducks  and 
twelve  chickens,  killing  from  two  to  eight  in  a  night.  I  caught  him,  aft^  which 
no  more  were  taken. 

W.  B.  Hall,  of  Wakeman,  Ohio,  writes: 

The  past  season  Minks  have  been  very  troublesome  on  my  farm,  kiUinr  many 
chickens,  often  several  in  a  night.  They  killed  fifteen  cliickens  that  womd  have 
weighed  3  pounds  or  more.  In  another  week  ten  more  were  killed.  Since  then  we 
have  lost  two  or  three  more  at  a  time,  until  in  all  about  forty-five  were  killed.  I 
have  tried  various  means  of  trapping,  and  have  finally  succeeded  in  getting  rid  of 
moet  of  the  Minks. 

Mr.  George  S.  Johns,  of  Dilley,  Oregon,  writes: 

I  have  known  one  Mink  to  kill  thirty-one  grown  chickens  in  one  night,  and 
another  >iink  to  kill  sixteen  half-grown  turkeys  in  one  night.  I  caught  the  Mink 
on  both  occasions. 

A.  J.  Johnson,  of  Hydeville,  Vt.,  writes: 

This  season  a  friend  lost  nearly  all  of  his  chickens  and  ducks  by  Minks.  His 
poultry  house  was  near  the  river,  and  tlie  animals  were  seen  by  him. 

Marcus  S,  Crane,  of  Caldwell>  N.  J.,  writes: 

A  Mink  dug  a  hole  under  the  door  of  our  duck  pen  one  night  and  killed  three 
ducks.    I  put  a  steel-trap  in  the^hole  next  night  and  captiu^  the  Mink. 

Hon.  Robert  B.  Roosevelt,  of  Say ville,  Long  Island,  N.  Y. ,  writes: 

In  the  course  of  a  week  I  lost  seven  spring  chickeiis  and  caught  the  Mink  which 
killed  them.    We  have  suffered  in  a  similar  way  from  Minks  before. 

J.  W.  Van  Kirk,  of  Milton,  Pa.,  writes: 

On  one  occasion  I  lost  eight  ducks  by  a  Mink:  each  one  was  bitten  in  the  nedc. 

J.  W.  Johnson,  of  Meriwether,  S.  C,  writes: 

When  Minks  are  nimierous  they  are  very  destructive,  sometimes  killing  as  many 
as  a  dozen  chickens  in  one  night. 

J.  H.  Shank,  of  Hickory,  W.  Va.,  writes: 

Minks  are  very  destructive  to  chickens,  killing  sometimes  as  many  as  a  doeen  fas 
one  night. 

Z.  L.  Welman,  of  Stoughton,  Wis.,  writes: 

A  neighbor  lost  a  flock  of  ducks  by  a  Mink,  which  he  killed.  Another  neifi^hbor 
lost  a  dozen  hens  by  a  Mink;  he  killed  it  also. 
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THE  SPARROW  HAWK  {Fnlco  spnrverius). 
By  Dr.  A.  K.  i'lSUER. 

The  Sparrow  Hiiwk id  probably  thebyst  known  aswellastliesmall- 
est  jtnd  one  of  the  luiiidHoinest  of  Ammcaii  hawks. 

It  I'iiiiges  ()\'fr  the  entire  coiitiiieut  of  temperate  North  America, 
bieediiiti  in  suitable  localilies  from  Maine  to  California,  and  from 
the  fur  {-iiTnitrifs  siHitli  into  Mexico.  Its  nest  lias  been  taken  as  far 
north  ;ts  Fort  Resolution  (lat, 'J2°|,  on  Great  Slave  Lake,  which  prob- 
ably is  near  the  iinwt  northern  limit  of  its  <iiatribution.  It  is  reported 
ari  rare  in  most  parts  of  Now  P'ugland,  though  there  are  certain  sec- 
tions where  it  is  fairly  common.  In  the  mountains  of  tke  West  and  in 
most  pai'ts  (if  the  Soiitli  it  is  abundant,  ami  at  certain  times  of  the 
year  is  common  on  the  Great  Plains,  In  winter  a  few  hardy  indi- 
viduals remain  in  sontliern  New  EuKlanil  and  New  York,  but  the 
species  a.s  a  winter  resident  is  not  commcm  until  the  latitude  of  Mary- 
land ;md  Virjjinia  is  rfache'h  thence  sotithward  it  becomes  nrore  and 
more  plentiful.  In  the  Mississippi  Valley  it  docs  not  range  quite  so 
fai'  north  in  winter  as  alon^  the  Atlantic,  for  few  ai'e  found  above 
the  '^f^i\\  parallel.  Along  the  Pacific  coa.«t  it  winters  considerably 
further  north  than  at  tlie  Eawt. 

This  little  Hawk  guards  the  vicinity  of  its  home  or  Iiunting ground 
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with  zealous  care,  resenting  the  invasions  of  the  larger  species.  The 
writer  has  often  seen  a  Red-tailed  or  Red-shouldered  Hawk  enter  a 
locality  in  which  a  Sparrow  Hawk  was  perched  on  the  top  of  some 
tall  tree,  evidently  thinking  he  had  a  prior  right  to  the'whole  region. 
As  soon  as  the  large  hawk  approached  near  enough,  the  Sparrow  Hawk 
launched  out  in  pursuit,  and  in  a  very  short  time  the  intruder  was 
convinced  that  hunting  could  be  carried  on  to  better  advantage  in 
other  places.  In  making  an  attack  the  Sparrow  Hawk  always  rises 
above  its  enemy  and  darts  down,  striking  with  bill  and  talons. 

In  a  locality  where  it  is  very  little  molested  it  is  quite  tamo  and  " 
unsuspecting,  often  allowing  a  person  to  approach  as  near  as  20  yards 
before  taking  wing,  and  when  flushed  it  flies  but  a  short  distance. 
It  is  quite  another  matter  to  advance  upon  one  in  places  where  it  is 
more  or  less  hunted.  Experience  seems  to  have  taught  it  just  how 
far  a  gun  will  carry,  and  generally  it  will  leave  the  perch  just  before 
an  effective  point  is  reached.  After  following  it  for  an  hour  or  more 
and  taking  a  few  chance  shots,  the  gunner  usually  gives  up  in  dis- 
gust and  leaves  the  hawk  in  as  good  spirits  as  when  first  seen. 

The  Si^arrow  Hawk  builds  its  nest  in  hollows  of  trees,  either  in  nat- 
ural excavations  which  are  formed  by  erosion  of  the  dead  wood  by 
the  elements,  or  in  holes  made  by  the  larger  woodpeckers.  If  the 
flicker  (Colaptes)  is  the  bird  imposed  upon,  which  is  most  often  the 
case,  it  never  openly  battles  with  the  hawk  for  the  retention  of  its 
home,  but  sometimes  annoys  the  latter  by  removing  the  nesting  ma- 
terial as  fast  as  it  is  deposited,  making  it  finally  necessary  for  one  of 
the  hawks  to  remain  near  to  g-uard  the  nest. 

The  cavity  chosen  is  usually  a  considerable  distance  from  the 

ground,  rarely  under  20  feet  ^nd  often  in  the  tops  of  the  highest 

trees.     In  the  West,  on  account  of  its  mode  of  nesting,  the  species  is 

more  or  less  restricted  in  the  breeding  season  to  the  near  vicinity  of 

timber,  though  in  some  localities  it  nests  in  cavities  in  limestone 

cliffs  or  in  holes  made  by  kingfishei's  in  the  sand  banks.     It  has  been 

stated  that  occasionally  the  deserted  nests  of  crows  or  other  birds  are 

made  use  of,  but  this  habit  must  be  extremely  rare.     Capt.  Charles 

E.  Bendire,  whoso  field  experience  in  the  West  has  been  extensive 

and  varied,  and  often  in  places  where  birds  by  force  of  circumstances 

are  not  able  to  follow  a  fixed  habit,  informed  the  writer  that  on  one 

occasion  only  did  he  si^spect  this  hawk  of  breeding  in  an  open  nest. 

In  the  case  in  point  the  evidence  was  anything  but  satisfactory,  for 

although  the  birds  were  seen  near  the  nest,  which  was  situated  in  a 

""T-y  large  tree,  he  thought  there  might  have  been  a  cavity  which 

■not  visible  frcmi  the  ground.     In  California,  Prof.  B.  W.  Ever- 

•'^„..i  has  found  it  using  the  deserted  nest  of  the  magpie  (Auk, 

ol.  iii,  p.  \)'3),     This  is  not  so  strange,  for  w^e  might  expect  the  en- 

.rance  in  the  side  of  the  canopied  nest  of  the  magpie,  simulating  an 

)ening  in  the  side  of  a  tree,  woulc"  ittract  the  hawk,  especially  in  a 

-^«vlv  r  wiioT*^  4h:^^i'  i.|j1(3  hollows  ^^'^   ''^irce. 

'   11   viJL  '  i^^^-^^ons  +  -    V. lowing  interesting  instance  of 


.■\€\ 


Htu     "  )it: 


■^   V  \.       .A\^V«k^w         XI' 


•    lis  barn  with  holes  through  the  sides  of 
^i     ^^x^l^ll  xicatiiiGj  witli  n  ,u,ir  of  doves  that  had  nested  there  were 

,„j^..  -       .T»,    niio^  hy  a  pair  of  Spoxi,       lawkf     •"•^'^  took  p<^««'^ssio»»  of  tlieir  nest. 
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its  range  it  is  probably  June  before  \ilio  eggs  are  deposited.  The 
number  of  eggs  in  one  nest  is  usually  five,  rarely  more. 

Its  ordinary  flight  is  irregular  and  not  long  continued.  Even  in 
migration  it  often  stops  to  rest  on  a  tree  top  or  fence  post,  where  it 
may  remain  a  considerable  time.  Still  it  is  capable  of  very  rapid 
flight.  It  rarely  if  ever  soars  as  do  most  of  the  other  hawks.  Some- 
times it  makes  a  succession  of  rapid  beats  of  its  wings  and  sails  for 
a  sliort  distance,  but  usually,  when  in  search  of  food,  instead  of  cir- 
cling, it  hovers,  remaining  stationary  with  rapid-moving  wings.  If 
it  |)erceive  its  quarry  it  drops  to  the  ground  to  seize  it,  and,  if  suc- 
cessful, bears  it  away  to  a  neighboring  stub  or  fence  pole  to  devour. 

Food. — The  subject  of  the  food  of  this  hawk  is  one  of  great  inter- 
est, and  considered  in  its  economic  bearings  is  one  that  should  be 
carefully  studied.  The  Sparrow  Hawk  is  almost  exclusively  insect- 
ivorous except  when  insect  food  is  difficult  to  obtain.  In  localities 
where  grasshoppers  and  crickets  are  abundant  these  hawks  congre- 
gate, often  in  moderate-sized  flocks,  and  gorge  themselves  continu- 
ously. Rarely  do  they  touch  any  other  form  of  food  until,  either  by 
the  advancing  season  or  other  natural  causes,  the  grasshopper  crop  is 
so  lessened  that  their  hunger  can  not  be  appeased  without  undue 
exertion.  Then  other  kinds  of  insects  and  other  forms  of  life  con- 
tribute to  their  fare;  and  beetles,  spjiders,  mice,  shrews,  small  snakes, 
lizards,  or  even  birds  may  be  required  to  bring  up  the  balance.  In 
some  places  in  the  West  and  South  telegraph  lines  pass  for  miles 
through  treeless  plains  and  savannahs.  For  lack  of  better  the  Spar- 
row Hawks  often  use  these  poles  for  resting  places,  from  which  tney 
make  short  trips  to  pick  up  a  grasshopper  or  mouse  which  they  carry 
back  to  their  perch.  At  times,  when  grasshoppers  are  abundant, 
such  a  line  of  poles  is  pretty  well  occupied  by  these  hawks. 

A  dozen  or  more  stomachs  collected  oy  Mr.  Charles  W.  Richmond, 
in  Gallatin  County,  Mont.,  during  the  latter  part  of  August  and 
ejirly  part  of  Sept-ember,  1888, were  kindly  turned  over  to  this  Division 
for  examination.  They  contained  little  else  than  grasshoppers  and 
crickets. 

Mr.  W.  B.  Hall,  of  Wakeman,  Ohio,  writes  to  us  on  the  subject 
a:^  follows: 

Tdo  Sporrow  Hawk  is  a  most  persistent  enemy  of  the  grasshopper  tribe.  While 
the  so-c'iilled  Hawk  law  was  in  force  in  Ohio,  I  was  township  clerk  in  my  native 
villapje  and  issued  certificates  to  the  number  of  eighty-six,  forty-six  being  for  the 
Sparrow  Hawk.  I  examined  the  stomachs  and  found  lorty-fivo  of  tliem  xo  contain 
the  remains  of  grasshoppers  and  the  elytra  of  beetles,  while  the  remaining  one  con- 
tained the  fur  and  bones  of  a  meadow  mouse  (Arvicola  ripaHus), 

The  following  from  the  pen  of  Mr.  H.  W.  Henshaw  substantiates 
wliat  we  have  said  in  regard  to  their  fondness  for  grasshoppers: 

It  finds  *  *  *  an  abundant  supply  of  game  in  the  shape  of  smaU  insectivorous 
uir<ls:  hut  more  especially  does  its  food  consist  of  the  various  kinds  of  coleopterous 
insects  and  grasshoppers,  of  which  it  destroys  multitudes.  In  fact,  tliis  last  item  is 
tlu^  most  imjKjrtant  one  of  all,  and  where  these  insects  are  abundant  I  liave  never 
seen  tliem  have  recourse  to  any  other  kind  of  food.  (Zool.  Expl.  West  of  100th 
Merid.,  Vol.v,  1875,  p.  414.) 

The  late  Townend  Glover,  formerly  Entomologist  of  the  United 
Stat(\s  Department  of  Agriculture,  states  that  the  beneficial  traits  of 
this  hawk  more  than  counterbalance  any  harm  it  may  do,  and  says: 

In  proof  of  this,  a  Sparrow  Hawk,  shot  in  October,  among  a  flock  of  reed  or  rice 
birds,  wa.s  found  to  be  filled  with  grasshoppers,  and  contained  not  the  slightest 
vestige  of  feathers  or  bones  of  birdc.  This  bird  was  remarkably  fat.  (U.  S.  Agric. 
Report,  1865,  p.  37.) 
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Mr.  C.  J.  Maynard,  writing  on  the  food  of  the  Sparrow  Hawk  a1 
Miami,  Fla.,  says: 

Tliey  have  notliin^  to  do  but  to  pick  up  grasHhoppers,  of  which  they  appear  neyei 
to  tire.  It  is  li-iie  that  they  can  tiii«i  green  grassnopT)ers  and  hrow-n  grasshoppere 
graLSsiioppers  with  wings  and  winglesH  gras8}iop]>er8,  out  Htill,  as  for  as  any  disnnc 
tive  taste  is  cx>ncenLed,  there  must  \)e  but  little  variation.  Yet  to  all  appearance 
the  hawks  are  satisfied,  for  I  never  Siiw  one  tiike  any  ^»thei*  kind  of  f(X)d.  (Birds  o; 
Eastern  North  America,  1881,  p. 297.) 

In  the  vicinity  of  Washingt<jn,  D.  C  romarkabh^  as  it  may  appea: 
to  those  who  have  not  interested  themselves  si>ec»ially  in  the  matter 
it  is  the  exception  not  to  find  gi'asslioimers  or  crickets  in  the  stom 
achs  of  Sparrow  Hawks,  even  when  killed  (hiring  the  months  of  Jan 
uar\  and  Febrnarv,  unless  the  ground  is  covered  with  snow. 

It  is  wonderful  how  the  birds  can  discover  the  half-ccmcealed,  semi 
dormant  insects,  which  in  color  so  closely  resemble  the  ground  o: 
dry  grass.  Whether  they  are  attracted  by  a  slight  movement,  ordifl 
tinguisli  the  form  of  their  prey  as  it  sits  motionless,  is  difficult  t< 
prove,  but  in  any  case  the  acuteness  of  their  vision  is  of  a  characte: 
which  we  are  unable  to  appreciate. 

Feeding  on  insects  so  exclusively  as  they  do,  it  is  to  be  presumes 
that  they  destroy  a  considera])le  number  of  beneficial  kinos,  ae  wel 
as  spiders,  whicli  they  find  in  the  same  localities  as  the  grasshoj^pew 
However,  examination  of  their  stomach  contents  shows  the  numbe 
to  be  so  small,  commred  with  that  of  the  noxi<ms  species,  that  it  i 
hardly  worth  considering. 

After  the  severe  frosts  of  autumn  and  in  winter,  when  insect  lif 
is  at  its  lowest  el)b,  the  Spari*ow  Hawks  devote  more  time  to  the  cap 
ture  of  mice  and  small  birds.  As  a  rule,  the  birds  which  they  cai] 
ture  at  this  time  are  ground -dwelling  species,  which  simulate  tn 
movements  of  mice  by  running  in  or  alxnit  the  <lry  grass  and  weedg 
They  are  mostly  sparrows,  more  or  less  seed-eating,  and  hence  no 
among  the  species  most  l>eneficial  to  the  agriculturist.  At  this  ses 
son  it  is  common  to  see  Sparrow  Hawks  sitting  on  the  j>oles  over  ha; 
stacks,  or  stationed  where  they  can  commaiid  a  good  view  of  the  sui 
roundings  of  a  hay  mow  or  grain  crib,  ready  at  any  moment  to  dro 
upon  the  mouse  whicli  is  unfortunate  euougli  to  show  itself.  Inthi 
way  they  manage  to  destroy  a  vast  number  of  mic^  during  the  colde 
months. 

In  the  spring,  when  now  ground  or  nitnidow  is  being  broken  by  tli 
plow,  they  often  become  very  tame  if  not  nioleste<l.  They  fly  dowE 
even  alighting  under  the  very  horses  for  an  instant  in  their  endeavo 
to  capture  an  unearthed  mouse  or  insect. 

The  following  letter  from  W.  P.  McGlotlilin,  (;f  Dayton,  Colurc 
bia  County,  Wash.,  dated  February  T^.  1SS7.  contains  some  interesl 
ing  facts  on  this  particular  subject: 

There  is  a  small  hawk  here  called  the  Sparrow  i£awk.  It  cx)n\es  about  the  1st  c 
March  and  leaves  with  its  young  about  August  1st.  On  their  arrival  they  are  in  laig 
flocks  and  seem  very  himgry,  I  have  had  a  nunilK^r  follow  my  tc^am  all  day  loo 
and  even  alight  for  a  moment  on  the  plow  lH»am.  When  a  mouse  was  unearthed 
was  captured  in  an  instant  and  quickly  killed.  TJie  hawks  seem  to  know  just  whe 
their  victims  are  dead.  They  settle  on  something  suitable  to  their  fancy  and  con 
mence  eating  the  eyes,  and  then  soon  finish.  For  two  weeks  this  mouse  catchiD 
goes  on.  I  have  sometimes  seen  them  chase  and  catch  small  birds.  Tliey  pair  o 
and  drive  some  woodpecker  from  his  cozy  nest  in  an  old  tree,  where  tlu?y  lay  frai 
four  to  six  eggs.  When  they  have  young  the  small  chickens  must  mffer.  Aboi 
two  each  dayfor  every  nest  eeems  to  satisfy  them. 
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Mr.  Thomas  Mcllwraitli,  in  his  **Bii*dg  of  Ontario,"  gives  the  fol- 
lowing on  the  food  of  this  hawk: 

Thoiit«:h  sometimes  seen  near  tlie  f  arm-houee  it  does  not  bear  the  s^gma  of  having 
felonious  intentions  towards  the  occupants  of  the  poultry  yard,  but  is  credited  with 
tlie  destruction  of  large  numbers  of  mice.  ♦  ♦  *  It  also  feeds  freely  on  snakes, 
lizards,  gras8hopi)erB,  etc.,  but  has  the  true  falcon  etiquette  of  taking  only  what  is 
newly  killed  (p.  150). 

In  tlie  opinion  of  many  people,  nnaccountahle  as  it  may  appear, 
the  benefit  accrning  from  tlie  destruction  of  a  great  number  of  mice 
or  other  injurious  mammals  or  insects  by  hawks  does  not  offset  the 
damage  done  by  the  capture  of  one  bird  or  chicken.  This,  of  course, 
is  n(^t  the  case  with  those  intelligent  farmers  who  recognize  the  bene- 
fit done  by  this  little  hawk,  and  are  not  prejudiced  against  it  if  it 
exacts  a  ?no<lerate  interest  now  and  tlien  in  the  shape  of  a  young 
chicken  or  bird.  In  May  and  June,  when  the  hawks  are  busy  hatch- 
ing tlieir  eggs  and  rearing  theii*  young,  there  is  less  time  for  them 
to  procure  tlioir  favorite  food.  It  is  durin<j  this.period,  as  we  might 
expect,  that  a  very  large  proportion  of  the  oirds  which  they  capture 
in  tlie  course  of  the  year  is  taken.  It  is  also  at  this  time  that  we  hear 
conijjlaints  of  their  depredations  in  the  poultry  yard.  Sometimes 
they  take  young  birds  from  the  neet,  for  Mr.  Austin  F.  Park,  of  Troy, 
N.  V. ,  mentions  the  finding  of  unfledged  birds  among  their  stomach 
contents.  From  the  following  note  it  may  be  seen  that  occasionally 
tliev  take  also  old  birds  from  the  nests: 

In  Elizabeth,  N.  J. ,  several  years  ago,  I  saw  a  pairof  Sparrow  Hawks  fly  up  under 
the  eaves  of  an  old  ham  and  drag  a  couple  <rf  swaOows  out  of  their  nests.  (Mer- 
riam.  Review  of  the  Birds  of  Conn.,  1877,  p.  85.) 

That  the  Sparrow  Hawk  at  times  attacks  and  kills  comparatively 
large  birds  is  vouched  for  by  Dr.  Coiies,  in  his  Birds  of  the  North- 
west.    He  says: 

I  have  seen  it  overpower  and  bear  away  a  tliradier,  a  bixd  idsAl  for  inch  as  long 
as  itself,  and  nearly  as  heavy. 

And  we  have  found  remains  of  the  meadow  lark  in  the  stomachs 
examined. 

In  the  accompan^'ing  table  a  summary  is  given  of  the  food  of  the 
SpaiTow  Hawk,  arran^j^ed  according  to  months.  It  is  based  upon  data 
derived  mainly  from  the  examination  of  stomachs  made  by  myself 
in  the  Department  of  Agriculture. 

It  is  to  oe  i^grette<l  that  during  certain  months,  notably  May  and 
June,  wo  were  unable  to  obtain  more  specimens  for  examination. 
The  available  nunil)er  is  so  small  that  the  result  here  given  probably 
would  be  totally  changed  by  the  addition  of  a  doosen  specimens  to 
each  of  these  two  months. 

Of  the  one  hundred  and  sixty>three  stomachs  examined,  not  one 
contain(Ml  the  remains  of  poultay.  Thirty-one  birds  we«e  found,  of 
which  twenty  were  various  species  of  sparrows,  three  were  meadow 
larks,  one  was  a  vireo,  one  a  warbler,  one  a  quail,*  and  five  could 
not  be  determined  as  the  feathers  and  other  parts  were  too  much 
broken  up  to  admit  of  identification. 

*This  record  of  findiiii;  the  remains  of  a  quail  in  the  stomach  of  a  Sparrow  Hawk 
is  giveu  second  liand,  from  an  examination  made  in  Nebraska.  We  strongly  sus- 
pect, unless  the  quail  was  a  very  young  bird,  tfciat  one  or  the  o^ier  small  hawks  was 
mistaken  for  the  Sparrow  Hawk. 
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THK  SHORT-EARED  OWL  (Ash  accipHrhnis). 

By  Dr.  A.  K.  FlsHKR. 

Tlie  Short-eared  Owl  is  a  bird  of  cixteuded  distribution,  ranging 
over  tho  grcsitor  part  of  both  liemiMphcTes.  In  Africa  it  has  Been 
found  as  far  south  as  Abvssinifi  in  winter.  It  lias  not  been  recorded 
from  Australia.     In  a  nortliyrly  direction  it  leaches  the  southern 
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part  of  the  Arctic  regions,  whence  southward  it  probably  breeds 
more  or  less  commonly  in  favorable  localities  throughout  its  range. 

The  nest  is  a  rough  affair  made  of  coarse  grass  and  sticks,  loosely 
drawn  together  and  sparsely  lined  with  fine  material  and  feathers 
from  the  parent  bird.  It  is  placed  on  the  ground,  often  in  a  depres- 
sion made  to  receive  it,  under  some  bush  or  among  high  grass.  In 
exceptional  cases  it  has  been  found  in  a  clump  of  low  Dushes,  or 
otherwise  slightly  elevated.  The  eggs,  from  three  to  five  in  num- 
ber, are  deposited  in  April  or  May,  according  to  the  latitude  of  the 
nesting  ground. 

The  Short-eared  Owl  is  pre-eminently  a  bird  of  the  open  country, 
including  the  coast  marshes  and  islands  covered  by  busiies  and  high 
^rass.  Li  the  United  States  it  is  much  more  common  in  winter,  when 
it  n^ceives  large  reinforcements  from  the  North.  During  this  season 
of  the  year  single  individuals  are  usually  met  with,  and  less  often 
small  colonies,  composed  of  four  or  five  birds.  Possibly  these  are 
fain i lies  which  have  never  been  separated,  having  migrated  in  com- 
pany from  their  nesting  grounds. 

The  food  of  this  owl  consists  largely  of  mice  and  other  small  mam- 
mals. A  number  of  species  of  insects,  birds,  and  reptiles  also  may 
bo  mentioned  as  occasionally  contributing  tcJ  its  fare.  Fully  00  per 
cent,  of  the  stomachs  examined  in  the  Department  of  Agriculture 
contained  nothing  except  meadow  mice.  The  remains  of  as  many 
as  live  mice  were  found  in  one  stomach,  and  several  contained  three 
or  four  each.  Prof.  F.  E.  L.  Beal  reports  finding  nothing  but  mice 
in  tlie  stomachs  of  a  ])air  which  he  killed  in  Story  County,  Iowa. 
They  were  shot  in  an  artificial  grove  swarming  with  small  birds. 

Mr.  Austin  F.  Park,  of  Troy,  N.  Y.,  in  a  report  on  the  food  of 
Hawks  and  Owls,  wJiich  he  kindlv  sent  to  this  Department,  mentions 
mice  and  no  other  kind  of  fooci  as  foimd  in  the  stomachs  of  this 
species. 

( )f  the  other  mammals  which  this  owl  feeds  upon  may  be  mentioned 
shrews,  gophers,  and  sometimes  small  rabbits.  Shrews  are  not  un- 
coinmou  in  the  stomach  contents.  Dr.  J.  C.  Merrill,  in  mentioning 
tlic^  food  of  this  bird  at  Fort  Klamath,  Oregon,  says: 


Unfortunately  wo  have  been  unable  to  procure  stomachs  of  this  owl 
from  the  Western  plains  wliich  are  infested  with  ground  squirrels 
and  i^^ophers,  hence  we  do  not  know  to  what  extent  it  feeds  upon 
tlu»s(»  rodents.  It  does  not  feed  as  extensively  on  insects  as  either 
the  Hiirr((l  or  Screech  Owls,  but  there  are  reports  enough  on  the 
subject  to  show  that  grasshoppers,  crickets,  and  beetles  at  times 
roiiii  a  considerable  portion  of  its  food.  It  is  quite  exceptional  for 
this  owl  to  feed  upon  birds.  Out  of  about  fifty  stomachs  examined 
by  us  at  the  Dei^artinent  not  over  four  contained  bird  remains. 

( )nly  o]i(i*  have  we  foun<l  more  than  one  bird  in  a  single  stomach. 
I'iiis  was  in  a  specimen  shot  in  the  vicinity  of  Washington,  D.  C., 
hite  in  Xovember;  it  contained  the  remains  of  two  Juncos  and  one 
]'\>x  Sparrow. 

.V  notable  violation  of  its  usual  habit  of  feeding  upon  mice  may 
1);  (juoted  from  Mr.  William  Brewster  as  follows: 

A  s.iiall  colony  of  these  birds  liad  fc?stablished  itself  upon  a  certain  elevated  part 
of   tliu  island  [Muskegat],  spending  the  day  in  a  tract  of  densely  matted  grass. 
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Scattered  about  in  this  retreat  were  the  remains  of  at  least  a  hundred  Terns  that 
they  had  killed  and  eaten.  Many  of  theHe  were  freah,  while  others  were  in  every 
stage  of  decomposition,  or  dried  by  the  sun  and  wind.  In  each  case  the  breast  had 
been  picked  clean,  but  in  no  instance  wa«  any  other  portion  disturbed.  Every  day 
at  a  certain  time  thes**  owls  sallie<l  forth  in  search  or  frc^sh  prey.  We  used  leeu- 
larly  to  see  them  about  sunset,  sailin.kc  in  circles  over  the  island  or  beating  alcmg  the 
crests  of  the  sand-hills.  They  wore  invariably  followed  by  vast  mobs  of  enjcaged 
Terns,  which  dived  angrily  down  over  the  spot  where  the  Owl  had  alighted,  or 
strung  out  in  the  wake  of  his  flight  like  the  tail  of  a  comet.  The  Owl  commonlj 
paid  little  attention  to  this  unbidden  folloNving,  and  apparently  never  tried  to  seise 
his  persecutors  while  on  the  wing,  but  on  several  occasions  we  saw  a  sitting  bird 
pounced  upon  and  V)(>rne  off.  Sometimes  in  the  middle  of  the  ni^ht  a  great  outcry 
among  the  Tenis  told  where  a  tragedy  was  l>eing  enacted.  (Bull  ^utt.  Ornith.  Club, 
VoL  IV,  p.  19). 

The  following  importaut  evidence  of  the  economic  value  of  the 
Short-eared  (.)wl  is  from  the  fourth  edition  of  Yarrell's  British 
Birds  (Vol.  iv,  p.  165): 

Undoubtedh*  field-mice,  and  especially  those  of  the  short-tailed  group  or  volea, 
arc  their  chief  obiocts  of  prey,  and  when  these  animals  increase  in  an  extraordinary 
anti  unaccountable  way,  as  tliey  sometimes  do.  so  as  to  become  extremely  m»- 
chievous,  owls,  particularly  of  this  species,  flock  to  devour  them.  Thus  there  are 
records  of  **  a  sore  plague  of  strange  mice  "  in  Kent  and  Essex  in  the. year  1580  or 
1581,  and  again  in  the  county  last  mentioned  in  1648.  In  1754  the  same  thing  ia 
said  to  have  occurred  at  Hilgay,  near  Downham  Market,  in  Norfolk,  while  within 
the  present  century  the  Foi-est  of  Dean,  in  Gloucestershire,  and  some  parts  <rf 
Scotland  have  been  similarly  infested.  In  all  these  cases  owls  are  mentioned  as 
thronging  to  the  spot  and  rendering  the  greatest  service  in  extirpating  the  peetB. 
Tlie  like  lias  also  been  obsei*\'ed  in  Scandinavia  during  the  wonderful  irruptions  of 
lemmings  and  other  small  rodents  to  which  some  districts  are  liable,  and  it  would 
appear  that  the  Short-eared  Owl  is  the  spe<*i(?s'  wliich  plays  a  principal  part  in  get- 
tmg  rid  of  the  destructive  horde.  An  additional  fa-ct  of  some  interest  was  n<^oed 
by  Wolley,  nainelv,  that  mider  such  circumstances  the  owls  seem  to  become  more 
prolific  than  usual. 

THE  FOOD  OF  CROWS. 
By  Walter  B.  Barrows,  S.  B.  ,  Assistant  OniithologisL 

The  economic  status  of  the  Common  Crow  {Corvus  a^neincanu^) 
has  been  discussed  so  often,  and  yet  with  such  uncertain  results,  that 
it  was  one  of  the  first  birds  to  receiv-e  attention  when  the  Diviaion 
was  organized  in  1(SS5,  being  particularly  mentioned  in  the  circular 
issued  that  year.  Several  hundred  replies  to  the  questions  contaiiieKd 
in  that  circular  were  received  during  that  and  tne  following  year, 
and  much  additi<jnal  information  was  collected  by  subsequent  cor- 
respondence. A  request  for  stomachs  of  tlie  Crow  was  containetl  iu 
the  circular  issufni  in  1880,  and  although  tlie  respcmses  to  this  have 
not  been  as  numerous  as  could  b(^  desired,  a  number  of  correspond- 
ents have  given  material  assistance,  so  tliat  it  is  possible  to  append 
to  the  present  paper  the  r(.\su]ts  of  the  dissection  of  eighty-six 
stomachs  of  the  Common  C-row  {Corrits  (Hfiericdnuii)  and  twelve  of 
the  Fish  Crow  {Corrus  o.sslfragus).  Thus  tlie  material  at  hand  for  a 
study  of  tlie  food  of  Crows,  tliougli  by  no  means  abundant,  is  never- 
theless considerable,  and  suflicient  progress  lias  been  made  in  its  in- 
vestigation to  justify  the  publication  of  some  of  tlie  results.  One  of 
the  main  ()])jects  of  the  present  paper,  however,  is  to  call  the  atten- 
tion of  farmers  and  others  to  the  disputed  and  unsettled  questions 
relating  to  the  Crow  and  to  secure  their  aid  and  co-oj^eration  iu  col- 
lecting evidence  which  will  hasten  a  final  settlement  of  these  poiuts. 

It  is  uiuiecessary  at  the  present  time  to  refer  to  the  numeroua  con* 
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tributioiis  to  our  knowledge  of  the  Crow's  liabits  made  from  time  to 
time  during  the  last  century,  but  it  may  >>e  broadly  stated  that  but 
three  strong  point.s  in  its  favor  have  ever  beeri  claimed  for  the  Crow 
even  by  its  warmest  friends  :  These  are  (1)  the  habit  of  destroying 
injurious  insects;  (2)  the  habit  of  catching  mice;  and  (3)  tlie  habit  of 
eating  carrion.  A  few  writers,  mainly  men  of  very  limited  experi- 
ence, have  maintained,  it  is  true,  that  the  Crow  never  does  any  harm 
worth  monticming;  but  the  more  rational  of  his  defendei*s  admit 
freely  that  a  large  amount  of  damage  is  done,  but  claim  that  this  is 
more  than  compensated  by  the  good  habits  just  specified.  Of  these, 
the  carrion-feeding  and  mouse-eating  habits  have  been  the  weaker 
arguments,  and  the  place  of  the  Crow  as  a  beneficial  bird  has  rested 
mainly  on  the  ground  of  its  supposed  services  in  the  destruction  of 
noxious  insects. 

On  the  other  hand,  the  injuries  inflicted  by  the  Crow  are  more 
varied,  those  most  commonly  complained  of  being : 

(1)  Destruction  of  young  grain,  particularly  Indian  corn  on  first 
coming  u[). 

2)  Destruction  of  ripe  or  ripening  corn  and  other  ^ain. 

';3)  Destruction  of  ripe  or  ripening  fruits  of  some  kinds. 

1-4)  Destruction  of  various  other  vegetable  products. 

(o)  Destructicm  of  the  eggs  and  young  of  poultry. 

{())  Destruction  of  the  eggs  and  young  of  wild  birds. 

Nearly  every  one  in  the  least  familiar  with  the  habits  of  the  Crow 
will  readily  admit  that  the  bird  is  more  or  less  beneficial  or  injuri- 
ous in  the  ways  indicated  above,  but  the  greatest  diversity  of  opinion 
exists  as  to  the  degree  of  benefit  or  injury  to  be  assigned  to  each  cat- 
egory. 

Tlie  Divisi(m  has  succeeded  in  bringing  together  a  large  amount  of 
opinion  on  these  points,  and  a  considerable  amount  of  what  may  be 
regarded  pr(>})erly  as  evidpurr.  Moreover,  some  additional  charges 
against  the  Crow  have  been  preferred  and  some  further  claims  of 
merit  are  brought  f(jrward.  Statements  of  mere  opinion  carry  little 
weight  unless  ithe  facts  on  which  these  opinions  are  based  are  fully 
known.  On  the  otlu^r  hand,  the  careful  record  of  any  actual  expe- 
rience with  the  Crow  is  entitled  to  thoughtful  consideration,  the 
weight  to  be  given  \o  such  evidence  being  modified  only  according 
to  the  known  fitnr»ss  or  unfitness  of  the  observer  to  appreciate  all 
the  elements  eute^-ing  into  the  case. 

As  the  entire  (piestion  relates  primarily  to  the/oo^  of  the  Crow,  it 
is  obvious  that  the  care;ful  examination  of  a  sufficient  number  of 
Crow  stomachs  would  be  the  cmly  certain  method  of  settling  all  ques- 
tions; but  the  number  of  stomachs  renuired  necessarily  would  be  very 
great,  and  in  onler  fully  to  weigh  tne  evidence  thus  afforded,  full 
notes  as  to  locality,  date,  time  of  <lay,  character  of  place  where  killed, 
age  of  bird,  etc..  are  indispensable. 

About  our  hundi-edstcmiachs,  acjcompanied  by  such  data,  have  been 
carefuUv  examined  tlius  far,  and  a  summarv  of  the  facts  revealed 
will  be  f«»uii(l  on  a  foUowing  page.  Unfortunately,  however,  most 
of  tlies*'  sl,)U]nclis  were  those  of  adult  Crows,  and  very  few  of  them 
wei-e  takt'ii  during  the  sj^ring  and  early  summer,  when  the  Crow  is 
suppost-d  to  i)e  most  beneficial. 

It  lias  pi:)ve'l  more  difficult  than  was  expected  to  secure  Crows 
during  the  spring  and  summer  months,  but  a  special  effort  will  be 
made  during  the  season  of  1889,  and  it  is  hoped  that  a  large  number 
of  stomachs  may  be  collected  and  examined.     Those  of  young  Orow8 
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are  pai-ticularly  desired,  but  those  of  Crows  of  any  age  if  takeu  dur- 
ing spring  or  summer  will  be  very  acceptable.  JPersons  willing  to 
aid  the  Division  in  this  way  'svill  be  furnished  with  instructions  and 
materials  on  application  to  the  ornithologist,  and  all  costs  of  trans- 
portation will  be  defrayed  by  the  Department. 

In  response  to  questions  relating  to  the  food  habits  of  Crows  replies 
have  been  received  from  upwards  of  five  hundred  persons,  and  the 
information  afforded  by  these  rei)lies,  in  combination  with  the  re- 
sults of  dissection,  form  the  basis  of  the  following  report. 

DISTRIBUTION   OF  THE  CROW. 

The  Common  Crow  (Carr?^v  america nii.s)  occnvs  in  variable  abuu- 
vlaiice  throughout  the  whole  of  the  United  States;  most  numerously, 
perhaps,  east  of  the  one  hundredth  meridian,  though  it  is  far  from 
uncommon  in  California.  In  most  of  the  Rocky  Mountain  region  it 
is  rather  scarce. 

Although  the  larger  number  migrate  southward  in  winter  from 
the  northern  tier  of  States,  returning  again  in  earliest  spring,  prob- 
ably a  few  spend  the  entire  winter  at  the  north,  even  m  nortlieni 
Minnesota  and  Wisconsin.  In  the  lower  half  of  the  Mississippi  Val 
ley,  however,  and  in  the  Middle  Atlantic  and  Gulf  States  millions  of 
Crows  remain  from  November  to  March;  collecting  in  some  local 
ities  in  immense  flocks,  repairing  regularly  to  favorite  places  to 
pass  the  night,  and  scattering  over  tlie  surrounding  country  dur- 
ing the  day.  In  the  breeding  season  they  are  distributed  more 
evenly,  and  notes  on  their  food  habits  have  been  i-ecoived  from  all 
parts  of  the  country. 

Along  the  Atlantic  coast,  from  Long  Island  to  Florida,  another 
species,  the  Fish  Crow  (Car v us  ossifragus)  is  found  associated  with 
the  Common  Crow,  and  the  two  species  are  so  nearly  alike  in  general 
appearance  and  habits  that  at  gunshot  range  oven  a  practiced  or- 
nithologist can  not  always  separate  them.  But  the  Fish  Crow  aver- 
ages decidedly  smaller  than  the  Common  Crow,  has  a  different  voice, 
and  when  in  hand  is  otherwise  readily  distinguished  by  one  accus- 
tomed to  study  birds.  Probably  a  few  notes  from  the  Atlantic  sea- 
board may  refer  to  this  species  instead  of  to  the  Common  Crow,  but 
this  will  not  affect  materially  the  questions  under  consideration.  In 
the  detailed  report  of  the  examination  of  stomachs  the  tv/o  species 
are  treated  si^parately. 

INJURY   TO   INDIAN  CORN,    WHEAT,    AND   OTHER  CEREAI^S. 

It  seems  almost  superfluous  to  say  that  the  Ci*ow  at  certain  times 
and  places  is  very  destructive  to  crops  of  sprouting  grain,  for  its  coru- 
pullmg  habits  were  well  known  even  in  colonial  times,  and  from  that 
(lay  until  the  present,  wherever  the  bird  is  at  all  abundant,  a  newly 
planted  corn-field  without  S(?are-crows  has  been  the  exce^>tion  and  not 
the  rule.  Doubtless  the  destruction  is  greatest  during  liie  lir.st  week 
or  I  wo  ai't'.,T  the  corn  apj)oars  above  grouu.!,  but.  ii'  all  reports  are  to  he 
credited  considerable  harm  is  done  ])y  digging  up  the  seed-corn  directly 
after  planting,  even  before  the  grain  has  l^egun  to  germinate.  One 
obsc^rver  states  that  the  Crow  eats  corn  *'  from  ten  minutes  after  plant- 
ing until  the  blades  are  three  inches  high,"aiid  more  than  a  score  of 
other  observers  jj^ate  deflnitely  that  the  Crow  not  only  pulls  up  tho 
young  i)lants,  but  digs  up  the  newly  sown  seed.     Several  observers 
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state  that  the  Crow  ficratches  up  planted  gi'ain,  but  this  probably  is  a 
mistake,  for  such  a  habit  has  never  come  to  our  notice,  and  it  would 
seem  to  be  entirely  foreign  to  the  nature  of  the  bird.  Crows  are 
known  to  watch  the  operation  of  corn-planting,  occasionally  with  evi- 
dent interest,  and  many  a  farmer  knows  that  any  grain  left  uncov- 
ered is  likely  to  be  eaten  at  once.  In  some  cases  it  is  even  unsafe  to 
allow  the  corn  to  be  dropped  much  faster  than  it  can  be  covered, 
since  the  observant  Crow  plunders  the  hill  before  it  is  made.  It  is  but 
natural  to  suppose  that  so  intelligent  a  bird  as  the  Crow  would  be 
able  to  locate  the  hills  after  the  planting  is  done,  and  to  unearth 
with  the  bill  any  grains  which  have  been  but  lightly  covered.  This 
is  all  the  more  likely  in  the  case  of  birds  which  nave  been  watching 
the  planting  and  have  picked  up  the  scattered  grains  left  entirely 
uncovered,  especially  if  the  farmer  has  foUowea  the  time-honored 
custom  of  stamping  or  *'  firming"  the  center  of  the  hill  with  the  head 
of  the  hoe. 

Among  the  reports  bearing  upon  this  point  are  the  following: 

From  George  H.  Berry,  North  Livermore,  Me. : 

The  Crows  dig  corn  before  it  breaks  the  ground,  and  do  great  damage  pulling 
the  young  com  and  also  digging  potatoes. 

From  G.  Douglas  Robertson: 

While,  resident  in  southeastern  Nebraska  I  have  heard  farmers  complain  that  the 
Crow  picked  the  kernels  of  com  out  of  the  ground  just  after  planting,  and  Imow 
that  when  the  corn  commenced  to  come  up  the  ground  was  bare  in  manv  places, 
but  whether  this  was  the  fault  of  the  Crows  or  of  tlie  machine  that  planted  it  I  can 
not  say. 

From  W.  T.  Craig,  San  Francisco,  Cal. : 

In  Santa  Cruz  County  Crows  were  observed  to  eat  the  com  while  planting,  and 
they  continued  to  do  so  until  it  was  three  inches  high,  pulling  it  lip  and  feeding 
upon  the  grain  atiaclied  to  the  rootlets.      They  destroyed  four  or  nve  acres,  ana 

were  then  driven  away. 

From  C.  W.  Costellow,  Waterborough,  Me. : 

Crows  dig  up  and  eat  corn  as  soon  as  it  is  planted,  and  continue  to  do  so  until  the 
growing  spears  absorb  the  kernel.  Occasionally  in  the  same  way  they  dig  up  and 
eat  potatoes  just  planted. 

While  these  and  similar  reports  seem  to  show  that  in  some  cases 
the  Crow  actually  digs  up  the  seed  oven  before  it  germinates,  many 
trustworthy  witnesses  state  that  they  have  never  known  it  to  un- 
earth well-covered  grain  until  the  sprout  appeared  at  the  surface. 
This,  however,  is  merely  negative  evidence  and  only  tends  to  show 
that  tlie  former  habit  is  far  less  general  than  the  latter.    • 

As  has  been  suggested  by  more  than  one  observer,  the  Crow  is 
often  blamed  for  the  work  of  the  chipmunk,  the  latter  being  known 
to  dig  up  the  newly  planted  kernels  very  frequently,  especiafly  along 
the  edges  of  fields  near  woods.  But  the  chipmuuk  does  not  extend 
his  raids  far  from  the  edges  of  the  field,  and,  moreover,  he  is  not 
known  to  dig  up  newly  planted  potatoes,  so  that  the  dozen  or  more 
reports  which  charge  the  Crow  with  this  last  offense  give  additional 
weight  to  the  testimony  relating  to  the  digging  up  of  com.  ^  Any  one 
who  has  an  opportunity  to  make  exact  observations  on  this  question 
will  confer  a  favor  by  communicating  the  results  to  the  Deps^ment. 

The  manner  in  which  the  Crow  attacks  corn  which  is  iust  coming 
u]^  is  but  too  well  known  to  most  farmers,  yet  perhaps  few  of  them 
liave  actually  seen  it  pull  the  young  shoots  from  the  ground,  and 
doubtless  there  are  many  who  still  disbelieve  that  the  object  of  tihto 
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pulling  is  jsiiiiply  ihi)  swollen  .urnin  at  1  lu^  root.     From  several  hiin 
(Ired  roporls  of  dania^t^  lo  yoiniL^  covii,  we  staled  a  lew  to  show  tli 
way  in  wliicli  tlio  Jiai'ui  is  (1oih\ 
Byron  J.  Pefkham,  of  AVi*st(  rly,  K.  I.,  wrote  in  1SS5: 

Com  seems  to  sulTcr  ui'.^v  )>'.(•; in.s.,'  uu«  ( 'rows  jj;et  a  huxe  aiiiouiit  for  littlt»  luUn 
Thvir  modus  opt  nuK/i  'i^  lo  wait  until  the  <*(>ni  iuis  mIiowii  ilseU'  al>ove  the  jrrouii 
and  then  j)uU  it  ami  iit*v«(ur  Mt<'  kcriul  at  tlu*  roots.  Thc^  injury  done  consist 
largely  in  tlie  trouhlcr  ol"  r«*j>iaiitiii;^  at  a  X'wnn  Avhen  otl'.er  work  tleniandH  the  attei 
tion  of  the  fanner. 

F.  K.  Steele,  ol'  .•\.inr.iT)olis,  ?](!..  savs: 

—  • 

As  the  yonn*jj  slio<.ts  p»  (-jj  out  of  tho  ;.,r«:iiii«l  iht^  Crow  may  1)0  KC*en  digging  thei 
up.  From  the  lime  t)f  tlKii'  firsi  aii)'t*:«raiici*  aliovi'  th"  ;.-, round  ur.til  the  kernel  ha 
been  absorl>ed  by  the  .i;io\\  in--  plaui  it  is  drslroyiuj;-  the  croj).  Tliis  m*ri<;«l  lasts  tw 
or  three  w<'eks.  aeconnn;^:  lo  llie  tjulekuess  of  thr  ^lov.-tii  of  the  ^am. 

The  injury  coiiMSts  of  an  uneven  stand.  nMjuirinj^  nphmtinjr.  This  seldom  pay 
for  thi?  IroulV.e,  since  tiifM.-oi'ii  whirii  \\•a^^  uoi  (ij^tu]!)i  ■;  ly  the  Itird  haji-  the  start  an 
occupies  all  trie  soil  with  its  ro«)i~:  !iu.'i-c!<.i\.'  i!i«'  r^planiid  eojii  grows  shiwly  an 
spiiKlh'ng,  and  malo'-;  fod-lcr  pi-iiu  "I'aily. 

J.  M.  Nij>j),  of  Bolton,  ]M(.j.,  j^ivi's  tin*  l'ollt>wing  interesting  ac 
count  of  oiv^  oi*  lus  «)ns;*rv;!l  ions: 

But  f«'wCr*)\vs  h-M'w  to  pull  u^;*  con;,  b-it  ou<-  tliat  d<K'S  will  pull  ten  hills  ]ie 
minute.  Juive  :27.  isst.  I  pLmtcd  t'i;cc  a»ics  ol  vuvw  on  wlicat  stubble,  the  whea 
having  In-en  haulisl  n\s:iy.  ''en  da;.>>  aLt«r  },»laiiiln-^'  J  saw  eight  Crows  in  the  fiel(J 
from  api>caranccs  ilicy  wcn^  t  wo  ])arcnis  and  si.\  ><iung.  One  was  pulling  the  con: 
one  stimdinjj;  i<ll<',  an!  six  <';iting  Ihf  <^!:i!n  ;.!♦•  r  'T  was  puilcvl  up.  1  watchcid  ther 
al)Out  forty  minut-.s,  r.cd  tiicu  >■  ■  .i!  a:  A  i'*i\u\ir\  >.\\r  i  lesh  ])ulled  stalks  where  the, 
hadlKH'v:  th«'r(?  wc'c  ;"oirhun<bx"].  i)ii"-il;ir<l  <  !"  1 1  jc  tl  ncc  acres  was  taken  at  tha 
time.     1  iln^n  sii]>;»l:.vl  Jicm  witii  \\  Iicat  in  lli.»  l;::i'li  ,  and  no  more  was  taken. 

Tlie  amount  of  daiiiau'o  { o  ciini  deivlnv;  .- j»r*;-i;.^  and  early  suimne 
is  certainly  V(-ry  ^r^ai  in  sonii^  srcljons.  anu  uudonhttMlly  it  wouL 
be  much  ^•F'eaici'  l»ut  foi-  (lie  ;^imo^l  uni /."i^ai  vuslom  of  protecting 
the  fields  ill  oiu*  vrav  <'r  an'>llu*r.  ( )i'  coi:  rsr*.  ii.  is  absurd  to  say  ho \ 
great  lln?  loss  //v;///(/  he  in  cast' all  ]«rcr;tniiop.s  ^vere  neglected,  an( 
even  in  tlic^  rii^-:  oi'  aci:i-il  danjvigr  ii  is  iinpo.-sibh.'  to  estimate  fairl; 
the  anion  J  d  oi'  ilirios-i.  Among  nrai'lylwo  liun(h"ed  and  fifty  re 
ports  of  more  or  b -.-s  ^cri'.>us  injury,  l:'ss  tiia'i  one-fifth  contain  au^ 
tigun^s  frt)m  whlci)  '.in*  acuial  b)ss  caji  i><'  Inferred  even  ai)prox] 
mately,  wJiib*  harclly  i.  uoZ'Mi  stau/  di  ii:'.i!''iy  tliu  acreage  planted  an^ 
tlie  ])ro])orlJo]i  d*  slr(»y(:!  or  daiuagi'M. 

The  I'ollowiiig  «'X;«nij»]«'s  of  tla^  cvi'lcnci'  on  tins  (UU'stion  will  giv 
a  fair  idea  of  ilu'  l::'!ni  (•'-i'..'^h)ii(tJtij  Cu^wv.  It  Avill  be  noticed  tha 
thev  rr|>'i'''^'')d  \:\y\-  !\"  .-s;;:":!''^  srctioi.s  oJ'  llu;  country: 

OsccoJtf.  .'1r/..-  On»'  dock  ruin*  il  a  Held  of  :'C\cral  acres. 

('(H'rufrf/.  (.'imn.—  i\\  o!i"{ii'lii  <il.  iluce  acres  aluMit  liaKAwis  <li>>t  roved;  other  field 
badl>  damaLCcjl,  pi-ltahiy  o?;;'-il'ii-.i  pulN  d  v]>. 

(Jsccold.  ill.  J)f.ir'-\r  i  al<''Ut  IworuTcs  !'«  v  »»:"  l:-.4  V(';u*(l^s5)  iusl  as  it  was  eon; 
ing  tbrou:.cli  ili"  ;;n?":n!l. 

j*ii/innt','ii,  .Tf.---ila:   i  (',;i  ol;-iM'\('o  t.)  d(-l:oy  whole  liflds  of  from  one  to  thre 
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R(H'Ii(hilr.  J/.'/.s'.,'.  ■  ( 'j'nNv :%  \]i[>  v^  a  1"  I  irtJ^."))  pu  I  Ii  (1  onc-thint  or  more  of  the  corn  i 
my  fields  i.i  spilr  o!  coUoji  lines  stn-ii-beJ  ipiite  thickly  over  the  lields. 

Xthnisfyi,  hi<L    -'•  '  Wf  i^n-iwu  tin-  injury  ii«  anioiml  to  one-third  of  the  eroj*. 

JJnrlini'f'*}',  '■■.i".(.  ;|:i\'-  l.r.owii  ot^^-iiii-il  o-  :•  t- \»'-jh- re  Jit'kl  to  require  replam 
ing. 

Sand  J  fill,  .l-'/c/, .-  <  )ll',  n  tlv^lroys  over  lialf  the  ci«ip  when  phmted  near  a  pate 
of  woods.      r*'iel<ls  .;«.ni«  Limi's  aie  noaily  derstrovcd. 

]U>'ri(ni,  M(t. — One  tliirdoC  a  i'n']t\  of  tlirce  acres  v»as  taken. 

Mddisoti,  A'<  ■'*/'.  rhe  •lauiagc  aloie^;  the  woodlands  of  the  Klkhornis  ten  percen 
of  the  i>Ianting, 
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Caldwell,  N,  J. — Damage  often  from  one-tenth  to  (me-tfaird  of  the  field. 

Alfred  Centre,  N»  Y. — ^Sometimes  they  make  a  aeoond  planting  neoeiBsary;  in  one 
case  a  field  of  threo  acres  was  almost  entirely  pulled'up. 

Ithucay  N  Y, — In  spite  'of  all  our  efforts  they  almost  destroyed  the  crop  in  a  large 
l>art  of  one  field. 

TjocH4tt  Grove,  N,  F. — In  1884  a  large  field  was  ruined  bv  Grows  in  q>ite  of  all 
precautious.  It  was  **  strung  "  at  more  frequent  intervals  tnan  usual,  a  number  of 
dead  Crows  were  displayed  at  various  points,  and  it  was  replanted  twice,  but  idl  to 
no  avail,  for  almost  the  entire  field  was  lost. 

Petizn,  Ohio, — Once  saw  a  field  on  the  4th  of  July  which  had  been  destroyed  four 
timers  by  Crows,  and  they  were  still  working  on  it. 

Gap,  Pa. — Think  they  sometimes  destroy  five  per  cent,  of  the  crop, 

Fnygmore,  S.  C— The  damage  sometimes  amounts  to  over  60  per  cent,  but  this  is 
only  in  fields  near  woodland. 

Brandon y  Fif.— One-half  to  tliree-fourths  of  an  acre  was  pulled  from  a  three-acre 
field. 

West  Pawlet,  P7.— In  1883  and  1884  I  knew  the  Crows  to  pull  the  com  so  com- 
pletely in  fields  of  ten  or  twelve  acres  tliat  all  the  ground  had  to  be  planted  ovei'. 

OmrOy  Trw.— One  piece  of  four  acres  was  about  two-thirds  destroyed. 

Tlie  ten  following  samples  may  be  taken  as  showing  more  nearly 
tlian  tlie  preceding  the  average  character  of  the  reports  noting  dam- 
age to  yoimg  corn: 

Smelleyy  Ala. — Much  diunage  some  years,  others  none  at  alL 

Brookfield  Centre ^  Conn. — A  small  piece  in  a  secluded  spot  was  almost  entirely 
destroyed. 

Vermillion,  Dak. — In  some  fields  on  the  Missouri  bottoms  Crows  often  have 
destroyed  two  or  three  successive  seeding  of  com,  but  only  In  fields  near  timber. 

Marietta,  Ga.— Tim  damap^e  is  sometunes  excessive,  depending  largely  on  looar 
tioii  of  field. 

Louisvilley  Ky, — Tiie  damage  has  been  greatly  exaggerated.  Formerly  it  was 
sometimes  great,  but  it  is  many  years  since  Crows  have  oone  any  harm  in  my  neigh- 
borhood by  pulling  up  corn.  They  find  other  food  in  abundance  and  have  fosrgot^i 
their  old  habits. 

South  Frankfort,  Mich. — Injurious  only  in  exceptional  cases,  and  to  a  limited  ex- 
tent. 

Minnenpolis.  Minn.— Thi"  extent  of  the  injury  is  measured  only  by  the  oppoiv 
tuTiity. 

Wat  kins,  N,  1'.— Farnier»  complain  of  their  puUmg  com  in  the  spring  as  soon  as 
it  npi)ears  alK>ve  {j:round:  and  corn  is  injured  m  this  way  sometimes  so  that  it  har- 
vests one-eightli  to  one-fourth  less  than  if  it  had  not  been  touched.  But  not  one 
fanner  in  twenty  is  injured  as  much  as  stated. 

Mount  Vernon.  Oh  io. — Have  known  them  to  be  quite  troublesome  in  palling  com 
when  it  is  two  or  throe  inclies  high,  *  *  *  but  their  attacdcs  appear  tobe  only 
pi»riodical,  i>erhapj  many  years  apart. 

Berwick,  Pa.— Tlie  dainage  is  sufficient  sometimes  to  compel  the  ^EUiner  to reidaiit, 
yet  tlic  amount  of  injury  done  is  not  often  of  much  acoount.  There  are  exer- 
tional cases  when  fields  plantetl  near  their  resorts  have  soffered  considerably. 

A  caroful  (examination  of  all  the  available  evidence  bearing  on 
this  (iuestioii  brings  out  one  or  two  points  which  are  doubtless  famil- 
iar to  many  farmers,  hut  may  be  new  to  some.  Other  things  being, 
orpiaU  tlie  .^n^atest  damage  is  done  where  Crows  are  most  abundimi^ 
and  fields  noarc^st  their  nests  are  much  more  likely  to  be  plundered 
t Ikui  t  liose  at  a  distance  from  woods.  Nevertheless,  in  the  latter  case, 
if  tlio  fioli^.s  aro  also  at  a  distance  from  the  farm-honse  and  are  not 
specially  j)roti*('ted,  they  may  suffer  more  than  other  fields  which, 
althoiiKl.  near  th(^  woods,  are  so  situated  as  to  be  easily  watched  from 
T  lie  lioiisi'.  li  is  of  tlie  utmost  importance,  moreover,  that  the  Crows 
i)e  ])revenred  from  beginning  iio  take  com  from  a  field;  for  after 
visiting  it  once  they  are  far  more  likely  to  come  agajn,  and  there  is 
abimdant  evidence  that  after  a  Crow  nas  once  farmed  the  habit  of 
corn-pulling  it  is  almost  impossible  to  prevent  his  gratifying  his  taste 
as  long  as  he  lives. 
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Sometimes  the  shooting  of  one  or  more  of  the  thieves  on  their  first 
visit  to  a  corn-field  Avill  effectually  prevent  further  depredations,  but 
this  is  not  always  the  case.  Scarecrows,  windmills,  glittering  tin, 
twine,  and  even  the  swinging  bodies  of  their  slain  comrades,  do  not 
have  the  desired  effect  at  all  times.  Other  methods  have  been  tried 
with  more  or  less  success,  but  all  the  successful  plans  involve  the 
expenditure  of  considerable  time,  and  often  a  little  money  as  welL 

The  most  generally  successful  plan  of  which  we  have  any  knowl- 
edge consists  in  coating  the  corn  with  tar  of  some  kind  before  plant- 
ing, in  which  case  Crows  are  said  to  let  it  entirely  alone.  Mr.  J.  V. 
Henry  Nott,  of  Kingston,  N.  Y.,  thus  speaks  of  this  method: 

I  have  used  for  years  coal-tar  on  my  seed  com  to  keep  the  Crow  and  chipmunk 
from  eating  it.  I  think  it  better  than  scarecrows,  as  it  allows  the  Crow  to  roam 
ov^r  the  field  and  pick  up  insects.  I  soak  the  see*!  over  night,  and  after  draining 
off  the  water  thoroughly  stir  the  tar  through  it  by  dipping  a  small  stick  in  the  tar, 
and  tlion  vigorously  stirring  the  seed  with  it  until  all  is  a  brown  color,  after  wWch 
I  stir  in  plaster  until  the  seed  looks  like  sugar-coated  i)ills.  The  only  objection  is 
that  a  planter  can  not  be  used. 

Essentially  the  same  method  is  used  for  corn  and  other  grain 
throughout  a  considerable  part  of  the  Eastern  and  Southfern  States, 
and  apparently  with  good  success.  Wood  ashes,  or  even  dry  earth, 
may  be  used  in  place  of  the  plaster,  the  only  use  of  which  is  to  pre- 
vent the  grains  trom  sticking  together  or  to  the  hand  of  the  planter. 
On  many  of  the  rice  plantations  of  South  Carolina  and  Louisiana 
the  same  method  is  resorted  to  to  prevent  blackbirds  or  "rice-birds" 
from  eating  the  newly  sown  grain  or  pulling  up  tlie  young  shoots. 
It  is  said  that  the  young  shoots  from  grain  thus  ** tarred"  have  a 
strong  taste  and  smell  of  the  tar  even  until  they  are  several  inches 
high  and  beyond  danger  of  being  uprooted  by  birds.  However  this 
may  be,  the  grain  itself  is  certainly  unpalatal)le  to  Crows,  and  they 
seem  to  be  satisfied  after  a  few  trials  that  (jorn  of  that  kind  is  not 
worth  pulling. 

Mrs.  Margaret  Musick,  of  Mount  Carmel,  Mo.,  states  that  ** young 
corn  may  be  eifectually  protected  by  feeding  the  birds  boiled  com  or 
soaked  corn,  sown  broadcast,  two  quarts  to  ten  acres." 

Edward  Paschall,  of  Doylestown,  Pa.,  mentions  a  similar  method 
used  at  that  place.     He  says: 

Samuel  Hart,  of  this  place,  p,  farmer,  protects  his  corn-field  every  spring  against 
Crows  by  simply  scattermg  som^  loose  grain  every  day  around  his  entire  field  of  ten 
acres;  every  other  day  will  ^.nswer,  provided  the  supply  is  not  exhausted.  This 
method  has  been  practiced  with  entire  success  for  many  years,  and  though  Crows 
are  verjr  numerous,  no  com  is  pulled  up.  The  entire  cost,  as  estimated  by  Mr.  Hart, 
is  the  tune  required  and  a  total  of  half  a  bushel  of  com. 

In  some  places  grain  soaked  in  strychnine  has  been  used  to  kill 
Crows,  but  although  they  doubtless  can  be  exterminated  in  this  way, 
the  method  is  attended  with  some  danger  to  other  birds,  and  to  do- 
mesticated fowls,  while  it  is  not  altogether  certain  that  the  entire 
extermination  of  Crows  is  desirable  at  the  present  time.  They  are 
known  to  do  some  good — how  much  is  not  definitely  known,  but  in 
another  part  of  this  report  will  be  found  a  summary  of  the  evidence 
on  this  point. 

It  may  be  remarked  here  that  many  farmers  as  well  as  other  ob- 
servers contend  that  the  Crow  when  pulling  up  corn  is  only  search- 
ing for  cut- worms  or  other  injurious  insects,  and  in  support  of  this 
assertion  it  has  been  claimed  repeatedly  that  the  old  Crows  do  not 
eat  the  corn  so  pulled,  nor  carry  it  to  their  young.     This  question 
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will  be  fully  treated  under  the  head  of  Insect  Food  of  the  Crow,  and 
it  need  only  be  lomarked  here  that,  while  Crows  undoubtedly  eat 
many  cut-worms  and  other  insects,  there  is  very  little  evidence  that 
they  pull  young  corn  for  any  otiier  purpose  than  to  get  the  kernel 
at  tlio  root. 

The  depredations  of  the  common  Crow  do  not  cease,  except  tem- 
porarily, when  the  young  plants  are  too  well  rooted  to  be  pulled 
with  ease.  After  the  ears  are  formed  and  the  kernels  well  filled  out 
the  Crow  again  visits  the  corn-fields,  and  sometimes  does  serious  dam- 
age. At  that  time  the  young  are  as  large  as  their  parents,  several 
families  are  commonly  associated  in  a  flock,  and  such  a  party  is  capa- 
ble of  a  large  amount  of  mischief  in  a  comparatively  short  time. 
About  fifty  complaints  of  injury  to  *'green  corn,"  **  corn  in  the  milk," 
*'  roasting  ears,"  and  '"  ripening  corn,"  have  been  received,  and  from 
these  we  select  a  few  samples. 

From  U.  G.  Gordon,  Barry,  Ohio: 

Tli3  Crows  atc^  corn  hore  v/liile  it  was  in  the  milk  last  August  and  September  (1886), 
some  fanners  liereahouts  losing  one-fourth  of  their  crop.  They  came  in  flocks, 
thousands  at  a  time. 

From  S.  T.  Kimball,  Ellington,  Conn.: 

It  is  in  tlie  fall  that  the  Crow  does  his  mischief  by  taking  com  in  the  milk  and 
after  it  is  cut.  Last  year  I  judge  that  I  could  have  picked  up  a  bushel  of  cobs  i^er 
acre  at  the  time  of  cutting.     The  damage  was  done  wholly  by  Crows. 

From  Edwin  B.  Clark,  Waxahachie,  Tex. : 

C-rows  eat  corn  while  in  the  *'  roasting-ear"  stage,  that  is,  before  it  has  harliened 
or  matured,  say  about  four  months  after  planting.  Their  depredations,  however, 
are  conlined  to  corn-fields  along  creeks  or  branches  of  streams  where  they  rear  their 
young  in  trees.  The  corn  hardens  so  quickly  that  the  Crows*  work  is  of  short  dura- 
tion, hence  the  destruction  is  not  considered  alarming. 

From  George  C.  Bunsen,  West  Belleville,  111. : 

It  not  only  picks  up  the  young  corn  but  when  the  corn  is  in  the  milk  it  is  after  it 
again,  tearing  open  the  husk  and  feeding  on  the  kernels  freely.  It  comes  into  the 
corn-lields  for  this  purpose  in  great  swarms  and  does  a  great  deal  of  mischief. 

From  N.  W.  Wright,  Farmland,  Ind. : 

During  tlie  last  few  yeai*s  the  Crows  in  this  section  of  the  country  flock  together 
in  the  fall  (a))Out  August),  and  wlien  the  corn  is  soft  they  tear  the  husk  from  the 
ears  and  eat  tlie  grain,  greatly  damaging  the  crop.  This  fall  I  have  pas.sed  fields 
adjoining  woods  where  nearly  every  ear  was  so  mangled  as  to  be  seriously  injured. 

From  Charles  E.  Ingalls,  East  Templeton,  Mass. : 

The  Crow  has  Xk^ou  known  to  eat  corn  wlien  "in  tho  railk.''  My  attention  has  lately 
beeji  called  to  several  instances  of  this  kind  where  the  corn-stalks  were  pulled  down, 
the  ears  stripped  on  one  side,  and  the  kernels  pecked  out.  This  mischief  was 
cliarg(?d  to  'coons  until  I  showed  tiie  real  culprit. 

Crows  also  eat  considerable  quantities  of  ripened  corn,  but  they  do 
not  a])i)ear  to  lilce  it  as  well  as  when  in  the  milk.  Mr.  W.  B.  Hall, 
of  Walveinan,  Ohio,  state's  that  tame  Crows  which  he  has  kept  at 
various  times  ''would  not  eat  dry  grain,  but  were  very  foad  of  green 
corn  when  husked.-' 

I'rom  upward  of  sev^enty  reports  of  damage  to  ripened  corn  a  few 
liVi'  selected. 

From  Hugh  N.  Starnes,  Marietta,  Qa.: 

In  the  fall  some  damage  is  done  to  com  in  the  ear,  aftor  ripejiing  and  before 
ratherini?,  but  the  damage  is  inconsiderable. 
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From  Walter  Hoxie,  Frogmoro,  S.  C. : 

The  Crow  dcstrovs  s»h'(1  corn  und  rice  iiivjiriahlv,  iiiiloss  tnrnMl.     It  is  yet  more 
<lostrm'tivo  to  |H'a-niiis  nnd  swfct  ])v)':.itMt^s. 

From  J.  W.  JoliJisoii,  McriwctluT,  S.  C. : 

CYovvs  are  very  doslnictivo  lo  pindars  f]v^a-nuts],  H-ratcliiiiK  them  up  about  the 
time  tliev  mature. 

From  John  M.  Ricliardsoji.  DaiiigxTlit^ld,  Tox. : 

I  liave  known  the  Crow,  assembh'ni;  in  immense  flocks,  to  do  <i:r(»at  liarm  to  the 
pindar  |  pea-nut]  crop  in  South  Carolina.  As  the  nuts  approached  maturity  the  fields 
iiad  to  be  guarded  ])y  men  an<l  boys  witli  }^unii  from  early  dawn  to  late  dusk. 

In  some  pai-ts  oP  the  country  tlio  Crow  scvms  (o  liavo  acquired  a 
taste  lor  water-melons,  doing  no  little  damage  to  tins  important  crop. 
]\Ir.  H.  E.  YanDemau  states  that  at  one  tinus  on  his  farm  at  Genoa,- 
Kans.,  he  was  ()])liged  to  covci'  som{M)f  liis  watcM'-nu^lons  with  grass, 
weeds,  etc.,  in  order  to  protect  tliein  from  a  family  of  Crows  which  ^ 
otherwise  would  liave  ruined  tlu^n  all.  Tliey  liegan  to  ''  ping"  the 
melons  as  soon  as  they  wc^re  nearly  ripe,  gohig  from  one  to  another 
until  tliey  found  one  Avliich  suited  them,  spoiling  many  wiiich  they 
did  not  eat.  Reports  of  siirilar  damage  have  lu^en  received  fnmi 
Georgiaand  South  Carolina,  imic  ])]anter  complaining  that  his  nudons 
an^  attack(Ml  hefore  tliey  are  half  grown,  and  anotlier  estimating  his 
loss  t'nmi  the  same  cause  at  H)  ])er  cent,  of  the  crop. 

Occasionally  Crows  do  much  damage  to  ri])eni ng  fruit,  Imt  they 
genendly  lind  an  al)undant  sup[)ly  of  Avild  fruits,  nud  do  not  care  to 
run  the  risk  of  a  near  npproach  to  the  garden  uidess  the  dis])lay  is 
particularly  tem])ting. 

Virgil  Green,  of  l^uUville.  N.  Y..  savs: 

I  have  known  Crows  to  slrip  a  large  cherry  tree  of  its  fruit  when  the  cherries 
were  be<2:imiin^  to  ripen. 

G(M)rge  Donaldson,  of  (Tilbci'tsvillc.  N.  Y.,  says: 

The  Crow  eats  strawberries,  blackberries,  raspberries,  and  cherries. 

Half  a  dozen  othiM'  com])lainfs  of  damage  to  cherries  have  been 
rcc«'ived.  Ap})lcs  are  more  rarely  attacked,  hiit  a  few  reports  of  in- 
JTirv  to  this  fruit  are  at  hand,  of  wliichthe  following  is  one: 

Fi'om  E.  M.  Wilson,  Belfast,,  N.  Y.: 

( 'rows  sometimes  s(V'm  to  eat  jipples  on  the  trees  in  the  fall  of  the  year,  damaging 
tli«'  lnr;j:est  and  linesl  fruit.  However.  I  am  not  iv)sitive  in  this  matter,  the  evi- 
dene(»  bfin^  circumstantial,  so  to  s])eak.  Crows  were  seen  in  apple  trees,  and  the 
fruit  was  now  and  tlien  pe<-ked  and  eaten  oti  one  ;-i(le.])lainly  by  a  hinl  witha  large 
beak,     ^ly  failier  tell-  u^e  that  he  hits  set^n  Crows  eatin.tr  apples  m  aii  orchard. 

Fviuv,  ih«^  fact  that  Crows  feinl  largely  on  wild  gra|)es,  it  seems  a 
litth^  st'';ni^(^  t!i;it  liny  do  not  visit  llie  vineyard  more  frequently, 
l)ui  .IS  yel  Very  few  coni])laints  on  this  score  have  T)(»en  received. 
One  \incy.ird  of  several  acivs  lying  jast  outside  the  limits  of  the 
cilv  <>r  Washiiigion,  T).  (.■..  has  sulfered  considerable  loss  for  several 
y(^•n's  iVom  the  fr((jU'*nl  aitaclcs  o\'  Crows.  One  of  the  assistant  or- 
nii  hologisis  visiti^l  it  in  September.  ISSO,  and  agnin  in  the  same 
montli  in  l.s>;s.  and  found  .thundaiii  evidence  that  the  owner  did  not 
ex.iggeiMte  wh('i»  he  stated  his  less  to  1k^  at  least  one-fourth  of  the 
cr(>]).  Not  only  wen.' Crows  fre<{ueiitly  seen  eating  the  grapes,  but 
two  which  v/ere  shot  during  the  first  visit  had  grape  seeds  m  their 
stomachs. 
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From  D.  C.  Shely,  Nicliolasville,  Ky. : 

I  have  known  Crows  to  destroy  one-fonrth  to  one-half  of  a  com  crop  wh 
left  out  in  winter  and  overytlung  else  was  snowed  under.  Tiiere  is  no  necessf 
for  any  such  loss  if  tlie  farmer  would  s(»curo  liis  crop  in  reasonable  time. 

From  H.  A.  Kocli,  College  Hill,  Ohio- 
Crows  frequent  the  corn-fields  in  such  imnilK-rs  that  their  depredations  seriouj 
affect  the  crop,  especially  wlien  the  corn  is  left  stiinding  in  sliock  long. 

From  H.  C.  (J^riswold,  Watkins,  X.  Y. : 

At  the  present  time  (Septemljer  30,  11^85),  two  or  three  hundred  CVowsare  feed! 
upon  standing  corn. 

INJURY  TO  OTHER  CEREALS  THAN  CORN. 

Although  th(^  Cro"sv  attacks  and  injures  other  grains  than  com  : 
depredations  on  these  crops  are  far  li»ss  general  and  serious.  AIkj 
fifty  reports  of  sucli  injury  havcj  ])een  received,  the  losses  complain 
of  relating  to  wlieat,  rye,  oats,  barley,  and  rice.  As  with  corn,  t 
greatest  damage  is  done  by  pulling  uj)  the  sprouting  grain,  but  mc 
or  less  is  eaten  while  ripening,  or  e^en  when  hard.  A  few  samp] 
of  the  evidence  are  api)ended. 

From  F.  H.  Holmes,  Rio  Vista,  Cal. : 

The  Crow  does  some  damage  in  the  graui  sections  around  Rio  Vista  to  wheats 
barley,  jiLst  after  sowing  and  until  it  is  well  si)rout(.'<i. 

From  W.  E.  Dingman*,  Newton,  l(r>va: 

In  some  inst-ances  it  is  known  to  pidl  up  and  eat  wlieat  and  rye  when  tw*o  or  th 
inches  in  height.     The  damage  has  not  t)een  very  extensive  in  either  case. 

From  Asher  Tyler,  Forest  Grove,  Oregon: 

The  Crows  congi-egate  here  in  large  Hocks,  but  are  only  destructive  to  new-so 
wheat. 

damage:  to  other  crops. 

Ahont  a  dozen  rex)orts.  nearly  all  from  Xew  England  and  Canac 
mention  the  Crow  as  destructive  to  ])otat()es.  tln^  worst  mischief  1 
ing  done  hy  pulling  up  the  young  ])lants  in  order  to  get  the  jmrl 
decayed  i)ieces  plantecf  as  **  s(^ed.*'  Occasionally  sweet  potatoes  a 
beans  are  pulled  up  in  the  sanu^  ^vay.  and  in  some  of  tlie  Southc 
states  tl^*^     -row  digs  wp  pea-jiuts  T)oili   as  seed  and  when  ripenii 
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From  Walter  Hoxie,  Frogmore,  S.  C. : 

The  Crow  destroys  seed  com  and  rice  invariably,  unless  tarred.  It  is  yet  more 
destructive  to  pea-nuts  and  sweet  potatoes. 

From  J.  W.  Johnson,  Meriwether,  S,  C. : 

Crows  are  very  destructive  to  pindars  [pea-nuts],  ftcratching  them  up  about  the 

time  they  mature. 

From  John  M.  Richardson,  Daingerfield,  Tex. : 

I  have  known  the  Crow,  assembling  in  inmiense  flocks,  to  do  great  harm  to  the 
pindar  [pea-nut]  crop  in  South  Carolina.  As  the  nuts  approached  maturity  the  fields 
had  to  be  guarded  by  men  and  boys  with  guns  from  early  dawn  to  late  dusk. 

In  some  parts  of  the  country  the  Crow  seems  to  have  acquired  a 
taste  for  water-melons,  doing  no  little  damage  to  this  important  crop. 
Mt.  H.  E.  VanDeman  states  that  at  one  time,  on  his  farm  at  Genoa/  i 
Kans.,  lie  was  obliged  to  cover  some  of  his  water-melons  with  grai^  I 
weeds,  etc.,  in  order  to  protect  them  from  a  family  of  Crows  which  * 
otherwise  would  have  ruined  them  all.     They  began  to  "  plug  "  the 
melons  as  soon  as  they  were  nearly  ripe,  going  from  one  to  arioth^ 
until  they  found  one  which  suited  them,  spoiling  many  which  they 
did  not  eat.     Reports  of  similar  damage  have  been  received  from 
Georgia  and  South  Carolina,  one  planter  complaining  that  his  melons 
are  attaclsied  before  they  are  half  grown,  and  another  estimating  hifi 
loss  from  the  same  cause  at  10  per  cent,  of  the  crop. 

Occasionally  Crows  do  much  damage  to  ripening  fruit,  but  they 
generally  find  an  abundant  supply  of  wild  f ruite,  and  do  not  care  to 
run  the  risk  of  a  near  approach  to  the  garden  unless  the  display  is 
particularly  tempting. 

Virgil  Green,  of  BuUvillo,  N.  Y.,  says: 

I  have  known  Crows  to  strip  a  large  cherry  tree  of  its  fruit  when  the  cherries 
were  beginning  to  ripen. 

George  Donaldson,  of  Gilberts villo,  N.  Y.,  says: 

Tlie  Crow  eats  strawberries,  blackberries,  raspberries,  and  cherries. 

Half  a  dozen  other  complaints  of  damage  to  cherries  have  been 
received.  Apples  are  more  rarely  attacked^  but  a  few  reports  of  in- 
jury to  this  fruit  are  at  hand,  of  which  the  following  is  one: 

F'rora  E.  M.  Wilson,  Belfast,  N.  Y. : 

Crows  sometimes  seem  to  eat  apples  on  the  trees  in  the  fall  of  the  year,  damaging 
the  largest  and  finest  fruit.  However,  I  am  not  positive  in  this  matter,  tiie^evP 
dence  being  circumstantial,  so  to  speak.  Crows  were  seen  in  apple  trees,  and  the 
fruit  was  now  and  then  pecked  and  eaten  on  one  side,  plainly  by  a  bird  with  a  large 
beak.    ]My  father  tells  me  that  he  has  seen  Crows  eating  apples  in  an  orchard. 

From  the  fact  that  Crows  feed  largely  on  wild  grai>es9  it  seems  ik 
littli^  strange  that  tlioy  do  not  visit  the  vineyard  more  frequently, 
but  as  yet  vory  few  comi)laiiits  on  this  score  have  been  receiveq. 
One  vineyard  of  several  acres  lying  just  outside  the  limits  of  the 
city  of  Wasliiugton,  D.  C,  has  suffer^  considerable  loss  for  several 
years  from  the  frequent  attacks  of  Crows.  One  of  the  assistant  or- 
nitliologists  visited  it  in  September,  1886,  and  again  in  »the  same 
mouth  in  1888,  and  found  abundant  evidence  that^e  owner  did  not 
exaggerate  Avhen  he  stated  his  loss  to  be  at  least  one-fourth  of  titie 
crop.  Not  ouly  were  Crows  frequently  seen  eating  the  grapes,  btii 
two  whicli  were  shot  during  the  first  visit  had  grape  seeds  m  their 
stomachs. 
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OTHER  VEGETABLE   FOOD   OF  THE  CROW. 

In  addition  to  the  fruits  and  vegetables  already  mentioned  i 
forming  a  part  of  the  Crow's  food,  there  are  very  many  wild  fruit 
berries,  seeds,  and  nuts,  on  which  the  Crow  feeds  largely  at  time 
but  the  consumption  of  which  is  of  little  account  to  the  farmer  und( 
any  circumstances. 

The  vegetable  matter  contained  in  the  eighty-six  stomachs  exan 
ined  was  as  follows: 


Vegetable  Contents  of  Stomachs. 


Kernels  of  com 

oats 

wheat *. 

Remains  of  acorns  or  chestnuts 

cherries,  cultivated  varieties , 

wild  cherries 

berries  not  identified 

haw  berries  (Cratcegus) 

Fruit  pulp,  not  identified 

Seeds  of  grape 

blackberries  or  raspberries 

pumpkin 

cucumber  or  musk-melon 

beach  plum 

Virjginia  creeper  (Anwelqpsis) 

dogwood  or  cornel  {Uonius) 

bayberry  (Myrica) 

common  (harmless)  sumachs  (Rlitis) 

poison  sumach  and  poison  ivy  (Rhus) 

luniper  or  red  cedar 

bindrweed  (Polyqanum) 

wild  rice  (Zizania) 

Unidentified  seeds 

Sea-weed 

Moss , 


No.  of 

stomocj 

in  wlik 

found 


35 
8 
2 

26 

8 
8 
4 
1 
4 
7 
5 
2 
1 
2 
2 
4 
8 
17 
19 
1 
2 
1 
10 
4 
1 


The  Crow  is  known  also  to  eat  the  berries  of  the  wintergreen,  pok 
weed,  elder,  smilax,  and  hackberry;  and  doubtless  it  also  feeds  xipc 
numerous  other  berries  and  seeds. 

During  autumn,  and  especially  in  the  districts  where  grain  is  m 
readily  ootainable,  a  favorite  food  of  the  Crow  is  acorns,  beech-nut 
or  chestnuts,  immense  Quantities  of  which  are  consumed.  It  ma 
be  mentioned  incidentally  also  that  in  pai'ts  of  Louisiana  and  Texa 
and  probably  in  other  States,  the  Crow  injures  the  pecan  crop  to 
considerable  extent. 

THE  DISTRIBUTION  OP  NOXIOUS  SEEDS. 

An  interesting  fact,  which  has  come  to  light  recently  through  tl 
examination  of  Crow  stomachs,  is  the  discovery  that  the  berries  < 
poison  sumach  {Rhus  venenata)  and  poison  ivy  {lihus  toxicodeiidrai 
are  eaten  in  large  numbers  by  the  Crow. 

The  poison  ivy  (also  called  poison  vine,  poison  oak,  mercury  < 
mercury  vine,  etc.),  is  too  well  known  to  need  any  description.  Tl 
poison  sumach  (also  called  swamp  sumach,  poison  elder,  poison  doj 
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wood,  etc.)  is  a  shrub  or  small  tree,  confined  mainly  to  swamps  and 
wet  places,  and  less  generally  known  than  the  ivy,  though  its  poison 
is  much  more  powerful.  Both  species  bear  straggling  bunch^9  of 
greenishrwhite,  waxy  berries,  whicn  clmg  tightly  to  tne  stems  through, 
the  entire  winter  and  thus  are  readily  o btamed  by  Crows  even  when 
the  ground  is  deeply  covered  with  snow.  Each  berry  contains  a 
single  large  seed  or  stone  surrounded  by  a  small  amount,  of  wax-like' 
pulp,  which  appears  to  contain  considerable  nutritious  matter. 

Stomachs  or  Orows  taken  in  every  month  from  September  to  March, 
and  in  different  localities  from  Massacbusetts  to  Florida,  were  found 
tocontain  these  seeds,  sometimes  in  large  numbers.  In  one  case  one 
hundred  and  fifty-three  seeds  of  poison  ivy  were  foimd  in  a  single 
stomach;  in  several  cases  the  number  was  more  -than  one  hundred, 
and  the  average  in  nineteen  stomachs  exceeded  fifty. 

At  a  large  Crow-roost  on  the  Virginia  side  of  the  Potomac,  near 
Washington,  the  droppings  of  the  Crows  are  literally  full  of  thesQ 
seeds,  usually  accompanied  by  many  seeds  of  the  harmless  (red-ber- 
ried) sumachs,  and  a  still  smaller  number  of  those  of  the  flowering 
dogwood  {Comus  florida)  and  the  sour  gum  {Nyaaa).  The  same  is 
true  of  the  lar^e  roost  near  Baltimore,  Md.,  wnenceMr.  C.  L.  Ed- 
wards, of  the  Johns  Hopkins  University,  sent  to  the  Department  seeds 
of  all  the  above  species  more"^  than  a  year  a^o.  The  seeds  of  poison 
ivy  and  poison  sumach  had  been  found  previously  in  Crow  stomachs 
collected  near  Washin^n,  but  for  lacK  of  a  good  reference-  collec- 
tion of  seeds  they  remained  unrecogmzed  until  December,  1888,  when 
they  were  identified  by  the  writer. 

In  order  to  give  some  idea  of  the  number  of  these  seeds  consumed  by 
the  Crow  it  may  be  stated  that  a  single  pound  of  the  dried  excrement 
taken  from  the  roost  in  the  national  cemetery  at  Arlington,  February 
8,  1889,  contained  by  actual  count  1,041  seeds  of  poison  ivy  and  341 
seeds  of  poison  sumach,  in  addition  to  3,271  seeds  of  other  sumachs, 
95  seeds  of  Virginia  juniper,  10  seeds  of  flowering  .dogwood,  and  6 
seeds  of  sour  gum.  The  material,  which  covered  about  four  sqi^ure 
feet,  was  taken  at  random  from  above  the  layer  of  leaves,  and  rep- 
resents the  average  deposit  on  the  roost.  As  the  rooitt  covers  up- 
ward of  fifteen  acres,  some  idea  may  be  formed  of  the  number  of 
these  seeds  deposited  there.  , 

It  is  a  well-known  fact  that  the  germination  of  many  kinds  of 
seeds  is  hastened  by  their  passage  through  the  digestive  organs  of 
birds  and  other  animals,  and  hence  it  was  believea  at  once  that  the 
Crow  was  aiding  in  the  distribution  of  these  poisonous  plants.  In 
order  to  place  the  matter  beyond  q^uestion,  bowever,  seeds  taken  from 
the  Arlington  roost  were  tested  in  several  ways,  and  not  only  was 
their  vitality  found  to  be  unimpaired,  but  they  were  found  to  ger- 
minate more  quickly  than  seeds  taken  from  tbe  vine.  Of  one  hun- 
dred seeds  of  Rhus  venencUa  from  the  roost,  moistened  and  kept 
warm,  ten  sprouted  within  forty-eight  hours,  and  twenty  more  within 
the  next  five  days.  One  hundim  and  fifty  seeds  of  the  same  kind  and 
from  the  same  source  wore  planted  in  a  nower-pot  in  the  greenhouses 
and  at  the  end  of  fourteen  days  one  hundred  and  thirty  of  them  had 
become  vigorous  seedlings  from  one  to  two  inches  high,  and  several 
more  were  breaking  the  ground.  Similar  residts  were  obtained  with 
seeds  of  Rhits  ioxicodenaron  from  the  roost,  while  seeds  taken  from 
the  vine  had  not  sprouted  at  the  end  of  fourteen  days.  Thus  it  be- 
comes certain  that  these  seeds  are  improved  rather  than  impaired  by 
their  passage  through  the  digestive  organs  of  the  Grow,  and  this  bixa 
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therefore  is  doing  in(*alciilal)]o  harm  hy  sowing  ])roacl(*ast  tho  seeds 
of  a  poisonous  vine  and  a  nioro  poisonous  shrub,  both  of  wliicli  un- 
fortunately are  far  too  almndaiit  already. 

THE  CROW  AS  A  DESTUOYEH  OF   THE   E(UiS   AND  YOUNG   OF   POULTRY 

AND    WILD    BIRDS. 

More  than  three  hundred  and  fifty  of  owv  ^'orrespondents  have  con- 
tributed notes  ndating  to  the  C-hav  as  a  robber  of  the  nests  of  domes- 
ticated fowls  and  wild  biivls.  AlM>iit  sovc^nty  of  these  state  siHiply 
that  *'no  damage  of  this  ki^jd  has  he(*n  observful/*  but  witli  this  ex- 
ception tlie  evidejice  is  almost  wliolly  unfavora'hle  to  the  Crow.  Two 
hundred  and  seventy-(^iicht  observoi's  state  distinctly  that  they  know 
of  more  or  less  niist'hief  of  this  kind  coinniittud  by  Crows.  One 
hundred  and  forty -seviii.  have  ^x^rsonal  knowledge  of  itscari'yin^  oiT 
young  chickens,  and  on«'  hundred  ajid  seveiit y-foni*  rej)ort  damage 
to  domesticated  fowls.  There  are  twenty-five  e(»niphiihts(.)f  injury  to 
the  eggs  and  young  of  iurkf\vs,  and  about  a  dozen  instances  of  simi- 
lar (himage  to  ducks  and  geese. 

Rather  more  rh.an  ten  per  cent,  of  the  r(  poris  on  domesticated 
fowls  state  that  the  damage  is  slight  or  (►ccasional.  but  on.  the  other 
hand  upward  of  fifty  observers  I'^'poi'l  rvec^uent  and  s«rious  (U'preda- 
tions,  many  (;]' them  slating  that  t lie  Crows  do  riiu.-h  more  damage 
than  hawks.  It  is  significant  that  out  of  more  than  thrive  hun- 
dred and  fifty  r(.'])rK3s  to  the  qm^'^tion  covering  the  subject  of  dam- 
age to  domesticntcMl  fowls  and  wild  birds  only  live  are  {positively 
favorable  to  the  Crow.  Seventy  othei-s  a.i'(>  negatively  fav(.)rabk^  in 
that  they  rci-port  no  ijijury  observed,  without,  however.  gi\  ing  any 
indication  oi^ the  (.'X tent  of  tlie  o])])oi'tunities  for  obs(M'va.ti<m.  Tlie 
rei)orts  of  daniag(^  come  from  all  |>arts  of  the  ['nited  States  and 
Canada  where  Ci'ows  are  fori nd,  and.  as  a  rule  the  notes  are  clear 
and  exact. 

As  one  result  of  all  tln^  informal  ion  thus  far  collected  it  may  be 
stated  that  the  Common  Crow  is  a  s(>rious  enemy  of  poultry,  all  the 
more  dangerous  l)ec;iur><^  so  often  unsusjuicted,  and  bcnrause  of  its 
remarkable  cunning  and  st<';iith.  It  is  also  a  skilful  and  invet4>rato 
r(d)ber  of  the  nests  jiiid  ci;gs  of  vrild  birds. 

The  entire  (^vl<len<-('  sid)]nit-,ed  (.»n  this  subject  is  well  worth  read- 
ing, but  lack  of  space  iVirbids  the  insertion  of  more  than  a  few  exam- 
ples under  each  of  two  heads. 

DESTRUCTION    OF   THE   E(^(;S    AX1>   VOl'XO'    OE   i^Ol'LTRV. 

More  than  ont.^-lhird  of  all  the  re[)orts  relating  to  (himage  to  poul- 
try specify  fre(pHMit  oj*  serious  loss.  It  a])])ears  from  these  notes 
that  not  only  does  the  Crow  rob  i]i{)  hens,  (lucks,  and  turkevs  which 
steal  their  nests  in  the  brush,  woods,  or  meadows,  away  f'rom  the 
farm-yard,  but  it  fre(iuently  conujs  within  a  few  ste[)s  of  the  Jumse 
or  barn,  destroying  all  m^sts  not  absolut(dy  inaccessible  to  it  or  snatch- 
ing up  the  downy  young  a])out  the  V(»ry  doors.  Usually  such  visits 
are  made  very  c^a-i-ly  in  tin;  morning,  or  at  times  when  no  one  is  at 
hand  to  prevent  llie  theft,  but  fr(M[uently  the  roblxn*  becomes  em- 
boldened by  success  and  makes  his  visits  in  the  middle  of  the  day 
and  with  ap])arent  disregard  of  all  danger.  Moreover,  as  in  the  case 
of  some  hawks  and  dogs.  ce*rtain  individuals  become^  particularly  ad- 
dicted to  chicken  stealing,  and  return  day  aft(^r  day  to  the  same 
place,  seldom  failing  to  secure  a  victim  at  each  visit. 
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TIio  f()ll()\s  ino;  notes  from  different  parts  of  the  country  will  serve 
to  illustrate  the  Crow's  methods  in  relation  to  e^g^s  and  chickens: 
From  Owen  Diirfee,  Fall  River,  Mass.: 

M;iy  5  [18S8],  wliile  walkin;;  !>}'  a  farm-liouse  near  the  city,  I  saw  a  Crow  sail  over 
llie  house  and  thially  settle  down  on  a  stone  wall  about  100  feet  from  the  house,  and 
l>e<;^in  watchinj!;  the  youn^  ehicke^ns  mnninp:  al)Out  in  the  lot  and  through  the  wall 
un«ler  liini.  Owe  of  the  chickens  ran  under  liiin.  and  after  eyeiuji;  it  a  moment,  ho 
turned  to  the  next  one.  which  was  ])erhaps  a  week  or  ten  days  old.  When  this  one 
was  about  six  feet  from  lum.  he  dropped  down  over  it  and  struck  at  it  two  or  three 
times  with  his  beak.  Tlu-n  he  acted  as  though  about  to  eat  it  on  the  si>ot,  but  a 
young  rooster  running  at  him.  he  picked  up  the  chicken  and  carrie<l  it  off  still 
Sipiawking  in  his  Ix^ak. 

From  William  H,  Lewis,  PaAvtneket,  R.  I. : 

I  hnve  known  the  (^Mumon  (^vow  to  take  chicks  when  they  were  fi*om  one  to  sin 
weeks  old.     I  know  of  a  case  where  twenty  liave  l)een  lost  this  season. 

From  H.  Nehrling",  Freistatt,  Mo.: 

I  liavc  fre«iuently  o])s«'rved  Crows  stealing  the  eggs  from  my  ])oid  try -yard.  They 
do  this  very  slyly  and  (juietly.  As  soon  as  the  eggs  are  hatched  they  carry  off  yomig 
chickens  whenever  they  can  get  them.  With  the  exception  of  Co<Ji)er*s  Hawk  1  do 
not  know  such  a  bold  robl)er  as  the  Crow.  One  day  in  April  one  of  these  birds 
perehed  on  the  fence,  only  a  few  stei)s  froni  my  house.  An  old  hen  with  alKmt  a 
dozen  chickens  which  were  oidv  a  few  davs  old  was  in  mv  barii-vard.  Suddenly  the 
Crow  swoojH^d  down,  caught  a  cluckt^n  with  its  bill,  and  went  olf.  flying  away 
near  the  gromid.  In  a  few  wei^ks  the  Crows  crarried  off  alxmt  twenty  chickens, 
which  varied  in  age  from  one  day  to  four  weeks. 

From  H.  R.  Landis,  Landis  Valley,  Pa. : 

WluMi  the  young  are  hatched  the  Crows  ar?  very  bold,  coming  uj)  to  buildings, 
and  in  onc^  case  tliat  came  under  my  noliec  they  t(K)k  from  one  to  four  cliickeiLS 
each  morning,  nearly  annihilating  a  brood  of  about  one  hundred. 

From  J.  W.  Van  Kirk,  Milton,  Pa.; 

I  luive  seen  Crows  catch  young  chickens,  and  freipiently  have  seen  them  carry- 
ing olf  eggs  of  lM)th  the  domestic  fowl  and  wild  birds.  We  have  had  on  different 
occasions  wliole  nests  of  sitting  tiu'keys  and  chickens  robl)ed  by  them.  In  some 
cas<»s  the  eggs  were  taken  from  under  the  hens  while  on  their  nests. 

From  David  A.  Vail,  Atlanticville,  N.  Y.: 

Oil  several  occasions  I  liave  known  the  Crow  to  catch  and  carry  off  young  chick- 
cjis  froin  tlie  hen-yard.  I  have  known  him  to  return  regularly  every  day  for  a 
chicken,  and  get  it.  loo,  unless  some  one  was  on  the  watch  to  frig^iten  him  away. 

From  J.  V.  H(MU'v  Knc;tt,  Kingston,  N.  Y. : 

I  have  seen  the  Conuuon  (.'row  eat  eggs,  and  have  caught  him  by  baiting  a  steel- 
tra|>  uill'i  an  (^^sl::.  The  jnan  in  charge  of  the  gas-works  at  Saugerties  told  me  this 
sjuing  tijat  iuOh-nl  to  cover  his  chicken-yard 'with  wire  to  save  the  chickens  from 
riic  Crows.  i\u*\  that  he  saw  them  catch  the  chickens  repeatedly. 

i^'i'om  W.  K.  N(dson.  Am^nsta.  Ga. : 


'r]\''  ConiPion  Crow  will   steal  eggs;    I  have  jx)is<^>ned   the  eggs  and    killed  the 
J'rom  Fi'ank  B.  Haiicoek,  Casky,  Ky.; 

Th(^  Common  Crow  undoubtedly  catches  young  (!hickens  and  steals  eggs.  They 
lia."  caused  m<'  more  trouble  in  that  respect  than  liawks.  My  home  is  situated  on 
the  -outh  -Me  of  a  \\'oodlan':.  A  c<»l()ny  of  Crows  l<K-ated  in  that  w<^odland  in  1870. 
Tiri>  sprin--  (iss.">)  I  Jiave  wal<iied  them  carefully,  and  have  seen  them  .steal  chick- 
cn>  i  ■  lore  t'iev  w.re  ]iast  tlie  'loiniy  stajf  and  carry  them  away  to  their  young.  I 
lia\i'  (liie  I  "ow  laiiriix-  char:;\ d  with  ^2^)  worth  of  nice  chicks  stolen  in  April  and 
31a V.  iss',. 

O.c.i^i  )  :;;ily  tin^  Crow  attacks  i'ull-growii  fowls,  as  evidenced  by 

the  {■«)]ioA\iiig'  notes: 
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From  George  A.  Boardmaii,  Calais,  Me. : 

Tlie  Common  Crow  has  been  observe:!  to  catch  young  chickens  and  steal  eggs, 
and  also  full-grown  hens. 

From  Erney  Tujley,  Penza,  Oliio: 

I  have  never  known  of  Crows  killing  young  cliickens,  but  I  once  surprised  two 
Crows  fighting  an  old  hen  in  a  little  bunch  of  willows,  and  hav^  no  aoubt  tJiat 
they  would  have  killed  her  in  time  had  I  not  interfered. 

In  all  probability  these  were  cases  in  which  the  hens  were  weak 
and  partially  disabled,  or  else  the  Crows  were  driven  to  desperation 
by  hunger,  and  took  advantage  of  inmsually  favorable  circumstances. 

The  following  reports  show  that  the  Crow  uses  the  same  methods 
on  turkeys,  ducks,  and  geese  as  on  chickens: 

From  W.  V.  Hardy,  Holman  Station,  Ind. : 

In  the  spring  of  1885  the  Crows  visited  our  turkeys'  nests  every  day,  also  geese, 
nests,  doing  a  gi-eat  amoimt  of  damage. 

From  F.  H. 'Holmes,  Rio  Vista,  Cal.: 

On  the  Lower  Sacramento  River,  I  knew  of  one  Crow  which  killed  no  less  than 
thirteen  young  ducks  in  the  space  of  three  diiys  during  a  cold,  rainy  spell  in  Felmi- 
ary,  though  otherwise  I  never  knew  it  to  do  any  damjige  to  young  poultry. 

From  Fred.  S.  Odle^^  Lapeer,  Mich. : 

Two  years  ago  in  this  locahty  I  noticed  an  instance  where  Crows  stole  eggs  from 
a  duck's  nest,  and  carried  them  nearly  a  quarter  of  a  mile  to  their  own  nest.  I 
found  an  egg  on  a  stump  about  half  way,  w^:th  only  two  claw  marks  in  it.  The 
nest  of  the  Crow  was  in  a  small  pine  and  had  young  in  it  at  the  time. 

From  Gideon  Mabbett,  Rodney,  Miss. : 

I  liave  seen  Ci-ows  come  to  the  house  and  carry  off  nearly  the  whole  setting  of 
young  ducks  in  one  day. 

From  John  A.  Weems,  Flora,  Ala. : 

Tlie  Common  Crow  is  the  worst  egg  thief  I  ever  had  to  contend  with.  I  have 
never  known  Crows  to  catch  young  chickens,  but  tliey  have  destroyed  at  least  one 
hundred  turkey  eggs  for  me  during  the  last  spring  and  early  sunmier. 

From  D.  E.  Pannepacker,  ChaKont,  Pa. : 

On  May  15, 1888,  wliile  I  was  slowly  making  my  way  through  the  forest,  I  noticed 
a  Crow  some  150  yards  ahead  of  me.  I  tlionght  his  j^eculiar  antics  meant  some- 
thing, and  upon  (doming  closer  t(;  him  I  noticed  that  lie  was  teasing  a  setting  turkey. 
I  found  too  that  he  was  not  alone,  but  waf?  assist(»d  by  his  mate.  He  ran  up  to  the 
turkey,  seized  hold  of  its  tail  feathers,  and  then  when  the  turkey  rose  to  defend  her- 
self against  his  imjmdence,  his  mate  ran  up  in  front  of  the  turkey,  thrust  his  beak 
through  an  egg  and  flew  off  to  liis  nest.  In  about  fifteen  minutes  they  returned, 
but  by  some  means  or  other  became  aware  of  my  pr(?seTice  and  flew  away,  nor  did 
they  return  at  any  time  while  I  watched  them,  though  they  managed  eventually  to 
steal  eleven  out  of  thirteen  of  the  eggs. 

From  Thomas  W.  Florer,  Waxahachie,  Tex. : 

A  farmer's  man  hei*e  had  a  brood  of  some  fifty  turkeys,  and  a  Crow  having  a  nest 
of  young  in  a  neighboring  wcK>d  commenced  appropriating  the  young  turkeys  until 
the  brood  was  reduced  to  fifteen.  These  were  kept  close  until  as  large  as  quails  and 
there  was  no  further  molc^station. 

In  connection  Avitli  this  habit  of  the  Crow  the  most  favorable  re- 
port received  came  from  Mr.  J.  M.  Nipp,  of  Bolton,  Mo.,  who  says: 

Individual  membei's  of  the  Crow  family,  like  thosi^  of  the  human  family,  are  capa- 
ble of  learning  bad  habits. 

Less  than  one  Crow  in  twenty  learns  to  steal  eggs  or  young  chickens,  and  they 
are  only  bad  when  feeding  theiryoung.     Two  yearj  ago  last  spring  one  got  to  tak- 
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in^  chickens  from  our  yard.  I  watched  him  fly  to  the  neet,  and  next  morning 
when  the  sun  was  an  hour  high  I  killed  the  young  Crows  to  see  what  they  had  been 
fed  on  for  breakfast.  They  had  been  fed  one  chicken,  eight  mice»  and  twenty-two 
grasshoppers.  It  was  easy  to  count  the  chicken's  feet,  mice's  tails,  and  grasBhoppeFB^ 
'heads  when  the  five  pouches  were  opened. 

DESTRUCTION  OP  EGGS  AND  YOUNG  OP  WILD  BIRDS. 

No  observant  person  will  deny  that  the  Crow  does  serious  damage 
to  the  eggs  and  young  of  wild  birds.  The  instances  of  such  depre- 
dation which  have  come  within  the  knowledge  of  most  farmers  or 
other  persons  living  in  the  country  are  far  too  numerous  to  leave  a 
shadow  of  doubt  on  this  score  in  any  tinprejudiced  mind. 

Yet  for  every  instance  of  such  robbery  witnessed  by  man  thou- 
sands must  take'  place  without  his  knowledge.  Persecution  by  Crows 
is  doubtless  a  very  large  factor  among  the  influences  which  cause  so 
many  birds  to  crowd  about  human  Habitations  during  the  nesting 
season,  and  yet  the  relentless  Crow  follows  them  even  to  the  eaves 
and  window-sills  of  houses,  taking  their  eggs  and  young  in  spite  of 
every  precaution. 

The  evidence  on  this  point,  contributed  by  our  observers  during 
the  past  few  years,  is  replete  with  accounts  of  such  forays,  and' the 
only  wonder  is  that  robins,  thrushes,  blackbirds,  and  many  other 
species  continue  to  rear  any  young  at  alL  The  reports  on  this  sub- 
ject number  one  hundred  and  fifty  or  more,  and  contain  minute  de- 
scriptions of  the  destruction  by  Crows  of  the  eggs  or  young  of  more 
than  twenty-five  species  of  wild  birds.  The  list  includes  flie  robin, 
wood  tlirush  and  other  thrushes,  brown  thrasher,  wrens,  English 
sparrows  and  other  sparrows,  blackbirds  of  several  species,  ]rolti- 
more  and  Bullock's  orioles,  woodpeckers,  swallows,  kingbirds,  wax- 
wing,  warblers,  bluejay,  Carolina  dove,  quail,  prairie  chicken,  wood- 
cock, night  herons  and  other  waders,  wild  ducks,  and  sea-gulls.  In, 
addition  to  these  specific  statements,  very  many  observers  state  that 
all  kinds  of  small  birds  suflfer  from  Crows,  while  others  say  that  it. 
kills  '*many  kinds"  or  "all  kinds  which  can  be  obtained.'' 

Naturally  the  robin  is  one  of  the  most  frequent  sufferers,  and 
perhaps  its  losses  are  more  likely  to  be  noticed  than  those  of  less 
familiar  birds.  The  following  i*eports  indicate  something  of  the 
nature  and  extent  of  the  inroads  upon  this  species: 

From  Prof.  F.  E.  L.  Beal,  Lunenburgh,  Mass. : 

I  have  known  the  Crow  to  rob  the  nest  of  a  rolnn  of  its  effSB  onaevend  oooMions, 
always  at  the  first  peep  of  light.  In  one  instance  the  nest  xoBlmd  warn  within  six  leet 
of  the  open  window  of  a  chamber  where  I  slept. 

From  Charles  F.  Goodhue,  Webster,  N.  H. : 

The  Crow  has  been  known  to  rob  every  robin's  nest  in  a  ffood-fldaed  apple  oicliard, 
and  to  come  within  eight  rods  of  the  house  and  carry  o£F  zoor  ytnng  tofaiiis  in  the 

course  of  one  day. 

From  J.  W.  Van  Kirk,  Milton,  Pa. : 

Last  spring  (18S6)  out  of  ten  robins'  nests  around  our  buildiiig,  nine  were  zobbed 
of  cgK»  by  tht^  Crow.  One  of  the  nests  was  not  over  20  yards  from  the  house.  The 
robin  lays  from  three  to  tive  eg^,  and  you  can  safely  say  that  at  least  forty  Tobina 
were  thus  destroyed  inside  of  eight  acres  of  ground. 

From  Dr.  A.  K.  Fisher,  Sing  Sing,  N.  Y. : 

A  great  numlier  of  nests  of  the  rolnn,  wood  Ihrusb,  and  in  fact  many  other  faiidi, 
are  robbed  of  their  e^,  and  I  have  often  obeenred  Crows  flying  away  with  young 
birda  m  their  bills,  followed  by  the  outraged  parents. 

In  examining  the  contents  of  Crows'  stomachs  in  spring,  I  hare  detected  the 
presence  of  birds'  eggs  in  a  number  of  caaea. 
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Such  instances  iiiiglit  l)o  given  by  tlie  scoiv?,  but  we  imvc?  space  only 
for  on()u;;li  samnli'S  to  sliow  tliat  \ve  have  not  ovi^restiniated  the  ex- 
tent of  the  niiscliier  or  the  number  ot'  species  which  suifer. 

From  0.  S.  Pain(\  East  Bethel,  Vt.: 

Crows  come  into  our  sluule  trivs  early  in  tho  inoruing  ami  take  tlio  Oi^^  aiid 
yoiniK  of  the  orir>U*  ami  rohiu:  I  thiiik  that  over  half  of  llie  nests  of  our  small  birds 
are  destroved  bv  Uu?iii. 

From  William  Proud,  Cliico,  Cal.  : 

C'rows  destroy  ^reat  numl)ers  of  q^'^h  and  young  of  small  birds.  The  hanging 
nest  of  tile  oriole  {Icterus  bnlliM'/ci)  seems  to  Ik*  a  favorite  mark  for  tJiem. 

From  D.  Y.  Overton,  Burlington,  Iowa: 

The  Common  Crow.  es]xjcially  at  the  East,  is  an  inveterate  rol)lx?r  of  birds'  nests, 
and  also  destroys  tlieir  young.  I  have  seen  him  at  the  nests  of  the  roi)in  with  the 
eggs  ii\  his  mouth;  and  have  seen  hiiri  with  young  bluejays  in  his  beak  as  he  took 
tliom  from  th(i  nest.  ff 

From  Dr.  Fi-ank  H.  Braymer,  West  Pawlet,  Vt. : 

Tlie  Crow  eats  the  eggs  and  young  of  other  birds,  particularly  of  the  robin,  wax- 
wing,  thrush,  etc. 

From  Charles  A.  Davis,  Burlington,  Vt.  : 

I  have  seen  Oows  catch  anjl  carry  to  their  nests  eight  or  ten  young  bank  swallows 
which  wereft?athered  out. 

From  Manly  Hardy,  Biewer,  Me. : 

It  destroys  the  eggs  and  young  of  all  buds  whose  nests  it  can  reach.  I  have  seen 
night-herons'  eggs  thus  destroyed  by  the  hun(h*ed. 

From  Sanmel  N.  Klioades,  Haddonfield,  N.  J.: 

The  Oow  steals  eggs  and  young  birds  from  the  purple  grackle,  red-winged  black- 
bird, robin,  kingbird.  Carolina  tlove,  ([uail.  and  woodcock.  It  also  destroys  the  eggs 
of  several  species  of  herons. 

The  last  repoi't  and  the  two  following  may  interest  sportsmen,  as 
they  illustrate  a  v<'i*y  common  habit  ot  the  Crow,  and  one  which  will 
accomit  in  a  large  measure  for  the  decrease  of  game  birds  in  some 
parts  of  the  cinintry. 

Prof.  D.  E.  Lajitz,  of  Manhattan,  Kans..  writes: 

I  have  not  known  the  Crow  to  trouble  the  poultry-yard  in  Kansas,  but  it  is  a 
noted  ro])bt^r  of  the  eggs  of  (piail  and  i)innat(Hl  grouse. 

Dr.  A.  B.  MacCrea,  of  Berwick,  Pa.,  writes: 

A  friend  wius  mowing  in  the  u^""^'>w  this  suim,:  r  (1885)  and  uncovered  a  (luaiFs 
ot  ccmtaining  soir^    -^-enty  eggf       .le  conchitK;!  i-     ^^'^^"^  them  under  a  hen  and 
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"ent  to  the  ba  1  ^  ^"         »M«iof.  -   •         i.   f— ♦nfiw.  .^        ^''^s  ^«ni<bi"tr  'lig  ^linj^^P 

^      ^iv.^'  ■    V    ..iv  J  -11^  .-J      '  ':  til  ere 

.-    .V  .1  '•'  ^^     c   i  iv  calj-       ^    hi'ighi    m,x,v.  anc      dy  here 

t"    I'^^T-  -  lkx  whicli  s(-i  > . .  .o  rendci  tlie  page  a  little  less 

u^.      r""'ns  of  comfort  is  found  in  the  fact  that  in 

•Ir.  her  birds  a  f(*w  species  sutler  wliich   are 

'lii>  bluejay  and  tlie  purple  grackh^. are 

...  v^w"        I  young  ot*  smaller  birds,  and  their  own 

y  pil   vf^^d  ])y  the  nuu'e  i*'  "^  u'ful  Crow.     Under 

'uistances  Crows  are  known  u     -^stroy  the  eggs  and 

V  )t/ii<li  sparrow,  and  they  ha"       me  good  servrce  in 
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wliero  it  is  no  uncoiiiinoii  siglit  during  the  summer  to  see  a  Crow 
(most  often  perluips  the  Fish  Crow)  feeding  on  the  young  of  these 

birds. 

INSECT   FOOD   OF  THE  CROW.  ^ 

In  attemijting  to  study  the  insect  food  of  the  Crow,  two  different 
questions  present  tliemselves  at  tlie  outset.  These  are:  (a)  How 
many  insects  does  the  Crow  eat?  and  (h)  Wliat  kinds  of  insects  does 
it  eat?  Tlie  fii-st  (piostion  was  answered  in  a  general  way  more  than 
half  a  century  ago,  and  tliere  is  no  reason  now  to  deny  the  oft-re- 
peated statement  that  tlie  Crow  feeds  largely  on  insects.  The  second 
question,  however,  is  not  only  much  more  important  but  much  less 
easily  answered;  for  not  all  insects  are  injurious,  and  comparatively 
few  persons  can  discriminate  ])etAveen  the  useful  and  harmful,  espe- 
cially when  watching  them  h\mi  a  distance  or  examining  those  which 
have  l)een  crushed  and  swallowed  by  a  bird. 

While,  tlu^refore.  the  field-notes  or  casual  observers  may  help  ma- 
terially to  answer  the  (|in3stion  as  to  the  extent  to  which  the  Crow 
feeds  on  insi^cts  in  general,  they  can  seldom  be  relied  upon  for  an  ac- 
curate knowledge  of  the  ins(^ct  species  destroyed.  As  already  stated, 
this  latter  (piestion  inust  be  answered  mainly  by  the  critical  study  of 
the  sloniacli-contents  of  large  numbers  of  Crows.  N'evertheless,  the 
accunnilated  observations  of  years  as  to  the  Crow's  manner  of  feed- 
ing, together  with  notes  on  places  most  visited  at  certain  times,  and 
the  insects  most  abundant  in  those  places  at  such  times,  must  not  be 
(lisr('gar(l('(l,  many  such  observations  being  of  the  greatest  practical 
value. 

in  the  course  of  th(^  present  investigation  on  the  Crow,  hundreds  of 
nates  on  its  insect-eating  habits  have  been  received  from  correspond- 
ents, and  inniany  casesthe  o))servationsareof  great  interest  and  value. 
Not  a  few  of  these  notes  relate  to  o])servations  made  under  peculiarly 
favorabh^  circumslanc(\s.  and  though  we  can  not  feel  perfectly  sure 
(;f  the  correct  identiiicat  ion,  for  exam])le,  of  the  Hessian  fly  and  army- 
worm,  vn'  see  no  reason  io  doubt  the  statements  of  any  farmer  as  to 
grnssli<)])j)(M's  and  ])otato  beetles,  or  even  cut- worms  and  '^white 
irrn])s.*"  It  is  true  tliey  ]nav  not  know  the  scientific  names  of  the 
])articular  sj^eeies  of  gi-asshopper  or  grub  noted,  but  the  observation, 
thongh  If's.s  valuable  on  this  account,  is  still  of  definite  worth.  A  few 
obsei-vcis  have  examined  stomachs  of  Crows  occasionally,  and  their 
testimony  in  regard  to  the  insects  found  therein  therefore  possess 
unnsna.l  va.lue,  but  the  larger  number  by  far  base  their  statements 
entirely  on  field  observa.tiojis. 

A  tew  fiiriners  contend  tliat  the  Crow  rarely  or  never  eats  insects 
of  any  ki:!'l.  whiles  others  simply  state  that  they  have  never  seen  it 
do  so.  tiUi]  jxpressci  favorable  or  unfavorable  opinion  as  to  the  prob- 
abiliiy  of  i<ur]\  a  habit.  These,  howeV€?r,  are  individual  exceptions, 
th"  -Ti  ;!l  majority  of  obs(?rv(*rs  stating  emphatically  that  the  Crow 
does  ri\\  iiii^cets.  ami  that  he  eats  many;  in  fact,  the  unanimity  of 
o])iiiion  <»;i  til  is  [>(>int  is  rather  surjnising,  and  much  of  the  most  fa- 
V(;ra.b!e  {esvimony  comes  from  men  who  are  most  severe  on  the  Crow 
as  !«'l; ,'):•< is  ijs  other  hal)its. 

In  tliis  vonneetion,  the  e\'idence  fnriiished  by  the  stomachs  exam- 
ined in  tiic  |)i\isi()n  daring  the  ]Kist  year  is  interesting.  The  insects 
e')nr-:i,' ned  in  thes(^  stomachs  have  been  submitted  to  the  Entomolo- 
iX^^'^  "i  I  lie  De])artjnent,  and  a  summary  of  the  results  of  his  exami- 
nation will  be  found  in  another  place;  but  while  examining  the  other 
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components  of  the  food  it  was  easy  to  separate  the  insect  material 
from  the  rest,  and  to  estimate  the  proportion  which  it  formed  of  the 
entire  food. 

The  following  table,  showing  the  amount  of  insect  food  in  tlie  stom- 
achs examined,  contains  several  points  of  interest: 

Table  showing  the  amount  of  insect  food  in  tite  stomachs  of  eighty-six  Craws  (Cat' 

vus  americanus),  arranged  by  months. 


•1. 


Month. 


JanuAiy .. 
February. 

March 

April 

May 

June 

July 

August  . . . 
September 
October  .. 
November 
December 


No.  of 

stomachs 

examined. 


14 
6 
1 
0 
8 
3 

16 

0 

»• 

13 
3 

ao 


86 


No.  of 

stomachs 

containing 

insects. 


Percentage 

of  stomachs 

containing 

insects. 


4 
1 
1 


3 
3 

14 


6 

10 

3 

18 


63 


28.6 
16.7 
100. 


100. 
100. 
87.5 


86.7 
76.9 
100. 
80. 


73.2 


Average 
percentage 

of  insei^ 

food 

in  stomachs 

containing  it. 


7. 
1. 
1. 


76. 

14.7 

82.6 


88. 
12.8 
17.8 
5.9 


peroentage 

of  insedt 

food 

in  aU 

stomadw 

ftxamined. 


19.7 


S. 
.17 
1. 


78. 

14.7 

96.5 


9a.8 
9.8 

17.8 
5.4 


14.5 


It  appears  from  the  above  table  that  sixty-three  of  the  eighty- 
six  stomachs  of  the  Common  Crow  which  were  examined,  or  more 
than  73  per  cent.,  contained  some  insect  food,  the  average  amount 
in  each  of  the  sixty-three  stomachs  being  nearly  20  per  cent.,  or 
one-fifth  of  the  entire  food.  Fourteen  and  one-half  per  cent,  of  all 
the  food  contained  in  the  whole  eighty-six  stomachs  consisted  of 
insects,  and  this  in  spite  of  the  fact  that  two-thirds  of  these  stomachs 
were  from  birds  taken  during  the  colder  half  of  the  year,  namely,  be- 
tween October  1  and  April  1. 

At  first  sight  it  seems  still  more  remarkable  that  90  per  cent,  of  the 
stomachs  taken  in  December  contained  some  insect  food,  while  but 
87i  per  cent,  of  those  taken  in  July  contained  insects.  Those  taken 
in  July,  however,  contained  in  the  aggregate  more  than  five  times  as 
much  food  of  this  kind  as  those  taken  in  December. 

Again,  of  the  fourteen  stomachs  taken  in  January,  but  four  con- 
tained insect  remains,  as  against  eighteen  out  of  twenty  taken  in  De- 
cember. By  consulting  the  detailed  results  of  the  examination, 
however,  the  reason  is  evident;  for  ten  of  the  January  birds  were 
taken  at  East  Hartford,  Conn.,  when  the  ground  was  mostly  covered 
with  snow,  while  most  of  the  December  birds  were  taken  near  Wash- 
ington, D.  C,  when  the  ground  was  mostly  bare. 

These  few  facts  show  how  essential  is  the  examination  of  large  num- 
bers of  stomachs  in  order  to  secure  accurate  results,  but  nevertheless 
it  is  impossible  to  avoid  the  conclusion  that  Crows  eat  insects  freely 
at  all  seasons  of  the  year,  and  that  the  main  reason  why  they  do  not 
eat  as  many  in  cold  weather  as  in  warm  is  simply  because  they  are 
not  to  be  had  then.  These  conclusions  receive  aaditional  confirma- 
tion from  the  reports  of  observers,  very  many  of  whom  state  that  the 
Crow  feeds  on  insects  at  all  times  of  the  year,  out  is  especially  destruclr 
ive  to  them  when  they  are  exceptionally  abundant. 
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Turning  now  to  the  reports  of  observers  as  to  the  kinds  of  insects 
eaten,  we  find  additional  testimony  favorable  to  the  Crow. 

The  following  list  gives  the  names  of  all  insects  on  which  the  Crow 
is  said  to  feed,  together  with  the  number  of  observtBTS  reporting  each 
kind: 


Namfts. 


Insects  of  all  kinds 

Insects,  kind  not  specified 

Grasshoppers 

Crickets 

**  Locusts" 

Seventeen-year  cicada 

**  White  grubs" 

Grille,  kind  not  specified. 

Cut- worms 

May  beetles 

*'  June  bugs  " 

Potato  beetles 

Beetles,  kind  not  specified 

Caterpillars 

Wire-worms 


No.  of 
reports. 


11 

54 

80 

8 

4 

2 

32 

49 

44 

5 
o 

A/ 

G 
13 

7 
G 


Army- worms 

Tobacco- worms 

Eiarth- worms 

Worms,  kind  not  specified 

Ants 

**  Bugs,"  kind  not  specified  . . . , 

Tent  caterpillar 

Apple-tree  worm 

Canker-worn 

Com- worm 

Bud-worm 

"Millers" 

Hessian  fly 

Cocoons  

Crysalids 


3 
2 
7 
10 
3 
6 


2 
2 


A  glance  at  the  above  list  shows  that  certain  groups  of  insects  are 
reported  by  large  numbers  of  observers,  and  it  is  interesting  to  note 
that  in  almost  every  case  the  insects  so  reported  are  decidedly  injuri- 
ous. Thus  grubs  and  **  white  grubs"  aggi-egate  eighty-one  reports, 
cut-worms  are  mentioned  in  forty-four,  and  grasshoppers  in  eighty. 

Among  the  numerous  reports  which  mention  a  consmerable  variety 
of  insects  the  following  may  be  instanced: 

From  William  Proud,  Chico,  Cal. : 

It  is  a  great  devourer  of  grubs,  caterpillars,  chiysalises,  etc.;  including  wire- 
worms,  larvee  of  cockcliafer.  l)eotles,  army-worms,  grasshopjiers,  and  any  other 
noxious  vermin  tliat  falls  in  the  way. 

From  Marcus  S.  Crane,  Caldwell,  N.  J. : 

It  frequently  visits  newly  j)lowed  fields  for  grul>s  and  worms,  and  I  think  it  also 
searches  for  cut- worms  in  tiie  corn-fields.  I  have  noticed  Crows  feeding  in  a  meadow 
the  morning  after  it  was  mowed,  and  think  they  desti'oy  a  great  many  grasshoppers, 
bugs,  and  caterpillai*s. 

From  Elisha  Slade,  Somerset,  Mass. : 

Crows  feed  upon  injurious  insects  at  all  times  of  the  year,  and  very  sensibly  re- 
duce the  number  of  cut-worms,  larvaa  of  the  May  bug,  and  the  bugs  themselves, 
wire- worms,  and  various  caterpillars  which  infest  the  field,  orchard,  pasture,  and 
meadow.  From  more  than  a  Quarter  of  a  century's  observation,  I  consider  the  Crow 
of  more  benefit  to  the  agriculturist  in  its  destruction  of  insects  than  injury  to  the 
grain,  eggs,  and  chickens;  I  am  a  farmer  myself  and  have  had  several  disastrous 
visits  from  the  Crows. 

From  Dr.  Morris  Gibbs,  Kalamazoo,  Mich. : 

The  Crow  has  been  observed  to  feed  upon  injurious  insects,  such  as  orthoptera, 
coleopterous  lai-v{e,  and  chrysalids  of  lepidoptera,  especially  Cecropia  cocoons. 

From  Dr.  Hiram  A.  Cutting,  Lunenburgh,  Vt. : 

It  has  l>een  observed  to  eat  caterpillars,  potato  beetles,  and  grasshoppers;  also 

white  gnibs  and  cut-worms. 

Very  many  fanners  must  liave  noticed  the  habit  which  the  Crow 
has,  in  common  with  various  blackbirds  and  some  other  species,  of 
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following  the  i^low,  especially  in  spring  or  early  summer,  or  of 
quenting  recently  plovved  fields.      The  Crow,  under  thes<^  eiit; 
stances,  is  generally  credited  with  destroyijig  large  numbtjrs  of  grubs 
and  other  insects,  and  there  can  be  little  question  that  this  reputation 
is  fully  deserved. 

The  following  uot(^s,  selected  almost  at  random  from  a  large  num- 
ber, will  give  a  fair  idea  of  Uut  evidence  on  this  point: 

From  E.  K.  ^lason,  Accotink,  Va. : 

I  have  hjul  them  follow  me  all  tlay  when  I  have  lxH»n  plowing,  pickiiifif  up  the 
grul)-woi'ms.  They  are  evidently  voracious  feeders  and  not  nice  an  to  diet,  but 
boul>tless  draw  the  line  on  any  of  tlie  cateri)illar  family,  A  friend  of  niiue  liaving 
shot  one  cut  his  craw  (i^K'n  and  foun<l  so  many  insects  that  he  said  he  liad  killed  hS 
last  Crow.  I  think  if  the  Crow  was  less  disturl)ed  there  would  Ix?  less  wormy'roast- 
ing  eai*s. 

From  F.  Stei)hens,  San  Bernardino,  Cal.: 

The  Crow  Is  in  the  liabit  of  following  after  the  plow,  i)ickingui>  cut- worms,  white 
gnibs,  larvfe,  etc^,  som<'times  in  large  quantities. 

From  T.  Scott  Fisher,  East  Brook,  Pa. : 

I  \vatched  a  i)air  of  Crows  follow  me  day  after  day  last  Kj)ring  [1886]  while  plowliiK 
sod,  aud  saw  one  C*row  jwck  up  twenty-five  to  forty  white  gnilw,  cut-ivorins.  and 
wire-won ns  at  one  time  and  then  fly  to  the  wotxls  for  an  hour  or  so,  then  back  and 
at  it  again. 

No  doubt  the  CroAV  does  very  much  good  in  this  way,  and  it  is  pos- 
sible that  the  observed  facts  of  this  kind  have  led  some  peopfe  to 
believe,  without  other  evidcaice,  that  Crows  when  pulling  up  com 
are  only  in  search  of  insects.  Much  interesting  opinion  has  been 
contnbuted  on  this  subject,  together  with  no  little  good  evidence. 
The  following  samples  serve  to -illustrate  the  subject: 

From  Dr.  J.  11.  Mathers,  Buckhannon,  W.  Va. : 

It  is  the  o])iiii()n  of  many  farmers  tliiit  the  Crow  is  unearthing  cut-worms  at  the 
base  of  the  corn  instead  of  pulling  uj)  the  com,  the  uprooting  Ix^ing  only  an  accident. 

From  William  G.  Ccmtan,  Brackney,  Pa.: 

I  am  eonvine(*<l  from  ]M'rsonal  observation  that  the  Crow  pulbj  com  in  search  of 
grubs  and  worms.  For  whon*  large  quantities  have?  been  pulled  up  the  grain  is  left 
intact  on  the  s])rout. 

FromF.  R.  Welsh,  Philadelphia,  Pa.: 

On  three  or  four  occasions  I  have  known  ('rows  to  ])ull  up  corn  from  two  to  four 
intrhes  higli.  I  do  not  think  they  eat  the  gi'een  toj):  their  object  seems  to  Ik?  to  get 
at  the  s<'(h1s,  which  tliey  invariably  eat. 

From  John  C.  Linville,  Gap,  Pa. : 

It  fetuLs  largely  on  the  largo  white  grub.  tlu»  larva^  of  the  May  Iwetle.  When  the 
common  cut-worm  is  very  mimerous  I  hav(»  wen  the  Crow  dig  something  out  of 
the  hill  of  corn  and  leave  the  com  unmoleste<l:  I  think  he  was  catching  the  wonns. 

From  D.  E.  Pannepacker,  Chalfont,  Pa.: 

A  field  of  corn  is  adjacent  to  my  school-house.  On  the  13th  of  May  the  com  was 
plnnttMl.  an<l  on  tlie  :2'2d  of  ^lay  I  lii-st  noticed  the  tender  shoots  al)ove  the  ground. 
Tlic  ticld  previous  to  the  cultivation  was  coven^l  with  a  thick  growth  of  fkxl.  favor- 
able to  tlfe  existence  of  the  grub  and  wire-worm.  It  wjusbut  natural,  too,  for  these 
insects  to  remain,  and  not  having  the  tender  shoots  of  timothy,  clover,  and  other 
;rra.'-vr'^  losntisiy  their  ap])otites,  they  turned  their  attention  to  the  gii) wing  corn. 
The  despite  I  ( 'row  liere  rendered  most  excellent  wrvice,  for  though  he  ladhnluptlie 
ct/i  II,  1  noticed  eacli  time  the  well  known  track  of  the  wire-worm,  or  the  worn  path 
oi  t!ie  grub. 

Thr  j'act  that  ('rows  usually  cat  the  corn  from  the  sprouts  which 
tliu;/  pull  has  been  spoken  of  in  another  part  of  this  article,  and  i$ 
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too  well  known  to  need  any  demonstration.  That  they  sometimes 
loa\  e  ])art  of  it  nntouched  after  pulling  is  also  undoubtedly  true,  but 
tluscan  hardly  be  used  as  an  argument  to  show  that  it  was  puUedfor 
()th(  r  ])urj)()ses.  Where  food  of  any  kind  is  very  abundant,  the  Crow 
])r(>l)al)ly  sel(H-ts  the  morsels  which  please  him  best,  and  the  fact  that 
some  is  left  untoiu'lied  only  shows  that  he  exercises  his  judgment  in 
selecting  his  food. 

An  ol)servation  which  has  been  used  sometimes  as  an  argument  for 
the  Crow  is  the  fact  that  the  greatest  damage  to  corn  by  tne  Crow  is 
in  })re(isely  tlie  localities  where  the  greatest  injury  is  aone  by  cut- 
worms and  grubs,  namely,  on  pasture  land,  mowing  land,  or  newly 
cleared  fields  w^hich  have  been  oroken  up  and  planted  in  corn.  The 
natural  inference  is  that  the  Crows  are  attracted  by  the  abundance 
of  grubs,  and  incidentally  do  more  or  less  mischief  to  the  corn;  but 
a  moment's  thought  will  show  that  a  simpler  exnlanation  lies  in 
the  fact  that  such  newly  broken  fields  are  generally  those  farthest 
from  tlie  farm-h(mse,  and  hence  less  easily  protected,  so  that  the  Grow 
seeks  them  in  preference  to  the  more  exposed  fields,  and  without  ref- 
erence to  the  abundance  of  insects  there.  The  obvious  test  of  guilt  . 
or  innocence  in  such  cases  would  be  to  shoot  a  few  Crows  after  they 
have  spent  some  time  in  the  field  and  subject  their  stomachis  to  care- 
ful examination.  The  claim  so  often  made  that  such  a  test  would 
show  nothing,  since  the  soft  worms  would  digest  more  rapidly  than 
the  corn,  has  no  weight  whatever,  for  all  grubs  capable  of  injuring 
corn  have  hard  jaws  or  other  parts  which  are  not  only  indigestible, 
but  which  often  are  so  characteristic  as  to  make  it  an  easy  matter  to 
identify  tlu)  particular  species  of  grub,  cut-worm,  or  caterpillar  to 
which  ihey  Ix^long. 

On  tlie  whole,  the  evidence  thus  far  collected  does  not  seem  to 
givc^  much  Aveiglit  to  the  belief  that  Crows  eat  many  grubs  or  cut- 
worms in  fields  w^liere  corn  is  coming  up.  Nor  is  there  any  obvious 
reason  why  they  should,  since  the  grubs  are  more  abundant  in  grassy 
fields  than  in  cultivated  ground,  and,  except  at  times  when  the  sur- 
face has  Ix^en  recently  disturbed,  we  should  expect  the  birds  to  look 
for  them  anywhere  rather  than  in  corn-fields. 

When  edible  insects  of  any  kind  are  particularly  abundant,  birds 
d(  )iil)tless  f  etMl  more  largely  gn  them  than  at  other  times.  This  is  well 
show  n  l)y  th(^  numerous  published  reports  of  the  havoc  wrought  by 
biv<ls  amOng  the  seventeen-year  cicada  in  the  years  of  its  great  abun- 
daiiet\ 

The  following  statement  by  Mr.  J.  Percy  Moore,  of  Philadelphia, 
Pa.,  is  on(^  of  several  reports  showing  that  the  Crow  is  no  exception 
to  tliis  rul(\     Mr.  Moore  writes: 

When  t Ik*  so v('iit(H'ii-yoar  cicada  api>eared  this  summer  (1885)  the  Crow  fed  ex- 
tcTisixtly  on  i)')th  its  piipa>  and  imagoes.  The  young  were  fed  to  some  extent  on 
tin'  juipa*  oil  May  liO.  As  they  had  not  at  this  time  appeared  above  the  ground, 
1  su]>}»os(»  tho  ( 'rows  obtninod  them  in  plowed  fields. 

THE  CROW  AN  ENEMY  TO  GRASSHOPPERS. 

I^r(»ha])ly  thv  most  marked  example  of  the  good  which  Crows  doby 
(h  sHoyiiio-  i]is(xts  is  found  in  their  attacks  on  grasshoi)pers,  crick- 
ets, and  kindred  insects.  Eighty  observers  report  the  Crow  as  feed- 
in.;  ('xt»'iisivcly  on  grasshoppers,  and  there  can  be  no  doubt  that 
niucli  i^ood  is  done  in  this  way.  The  following  examples  show  some- 
thing of  the  extent  of  the  benefit  occasionally  done: 
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From  Charles  F.  Goodhue,  Webster,  N.  H. : 

At  this  season  Crows  are  of  some  benefit  to  the  farmer,  as  they  feed  mostly  on 
grasshoppers.  To-day  (August  22)  a  flock  of  nearly  a  hundred  were  observed  in  a 
pasture  badly  infested  with  grasshoppers,  upon  which  they  evidently  were  feeding. 

From  A.  I.  Johnson,  Hydeville,  Vt. : 

Crows  have  some  very  good  qualities,  catching  countless  numbers  <rf  crickets 
and  grasshoppers  after  the  hay  is  cut.  They  can  be  seen  at  almost  any  time  of 
day  on  the  meadows  catching  grasshoppers.  I  observed  one  pair  of  old  Crows  this 
summer  (1885)  when  I  was  liaying,  that  were  feedinj^  their  young  almost  entirely 
(if  not  quite)  on  grasshoppers;  the  old  Crows  would  alight  on  themo^Ti  land  within 
eight  or  ten  rods  of  me,  and  after  catching  a  hopper  or  two  w^ould  fly  to  their  young 
that  were  on  the  fence  and  there  feed  them  with  the  hoppers. 

From  W.  E.  Saunders,  London,  Ontario,  Canada: 

Last  summer  (1885)  I  watched  a  flock  of  probably  two  thousand  Crows  catching 
grasshoppers. 

From  J.  B.  Underhill,  Fork  Union,  Va.: 

As  to  the  insect  diet  of  the  adult  1  can  not  testify,  having  never  examined  the 
gizzards.  The  gizzards  of  two  young  which  were  taken  from  the  nest  were  flUed 
to  overflowing  with  grasshoppers,  and  each  contained  one  or  two  kernels  of  com. 

From  Morris  M.  Green,  Boonville,  N.  Y. : 

NearBoonville  I  have  seen  the  Common  Crow  feeding  on  grasshoppers  during  tlie 
summer  months.  Some  fields  seemed  to  be  fairly  black  witli  the  birds  pursuing  tlie 
grasshoppers  in  every  direction.  One  day  noticmg  a  fiock  of  Crows  frequenting  a 
particular  field,  I  visited  the  place,  and  found  that  the  roots  of  the  grass  had  been 
completely  eaten  away,  so  that  the  sod  or  turf  could  be  taken  by  the  hand  and 
rolled  up  like  a  rug  or  carpet.  A  farmer  living  in  the  vicinity  told  me  that  tlie 
Crows  visited  the  place  every  day  to  feed  upon  the  grubs  that  destroyed  the  turf  in 
this  way.  The  grubs  or  larvas  were  about  three-fourths  of  an  inch  in  length;  body 
whitish,  with  some  dull  plumbeous  underneath;  head  blackish. 

Many  other  reports  of  similar  work  might  he  cited,  but  the  above 
will  suffice.  We  may  add,  however,  that,  judging  from  the  numer- 
ous reports  received.  Crows  regularly  visit  new-mown  fields  for  the 
purpose  of  eating  the  grasshoi)j)ers  thus  left  exposed.  Probably  a 
score  of  observers  have  noted  tins  fact  in  their  reports. 

DO  CROWS  EAT  POTATO  BEETLES  ? 

Among  the  reports  received  are  six  or  more  Avhicli  mention  the 
potato  bug  or  potato  beetle  among  the  insects  Avhich  are  eaten  by 
the  Crow.     George  H.  Berry,  of  North  Liver  more,  Me.,  says: 

It  eats  grasshoppers,  potato  bugs,  and  Cleisiocampa  larvae  [tent  caterpillars]. 

Charles  W.  Beckwith,  of  Frederickton,  Canada,  says: 

It  eats  the  Colorado  potato  beetle  to  a  small  extent,  not  enough  to  be  of  much  ap- 
parent beneiit. 

W.  E.  Dingman,  of  Newton,  Iowa,  says: 

I  liave  observed  it  feeding  on  the  potato  bug  and  grasshopiwrs,  quite  extensively 
on  June  21,  1886. 

Other  observers  make  similar  statements,  while  still  others  say 
that  it  has  never  been  seen  to  eat  this  beetle  at  all,  and  oven  appears 
to  shun  it  altogether.  Mr.  W.  B.  Hall,  of  Wakeman,  Ky,  states 
that  he  could  not  in  any  way  tempt  his  tame  Crows  Avith  potato  bugs. 
His  account  of  the  insect-eating  habits  of  his  pets  is  so  interest- 
ing and  suggestive  that  it  is  inserted  here  entire: 

Crows  are  dwidedly  insectivorous  if  domestication  dews  not  alter  their  habits. 
At  diflferent  times  I  have  kept  C^rows  wliioh  wore  taken  from  the  nest  when  nearly 
full  fledged.  Tli(»y  l)ecame  very  tame  so  that  I  had  a  cliance  to  watch  their  actions 
and  manner  of  feeding.    I  And  that  they  are  not  particular  in  their  diet  as  to 
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whetlier  the  insect  is  what  is  termed  injurious  or  beneficial.  They  feed  greedily  on 
the  different  species  of  cut-worm  (Agrotis),  and  on  the  white  grub  (larva  olLachnos- 
terna  fusca).  When  plowing  they  will  follow  in  the  fmTOw  an(J  pick  up  every 
grub  or  beetle  in  sight;  and  when  tlieir  api>etites  ai*?^.satisfi^ith^  nil  their  bealcs 
with  insects  and  hide  them  under  sticks,  leaves,  or  stones.  I  have  often  taken  the 
pains  to  look  up  their  hiding  places  and  count  the  insects  thus  hidden  and  I  liave 
been  astonished  at  the  numbers.  They  kill  predaceous  beetles  but  do  not  often  eat 
them,  I  think  on  account  of  the  peculiar  odor  most  of  them  emit.  For  the  sake  of 
experiment,  I  have  taken  the  Crows  to  a  board  or  stone  which  on  being  removed 
exix)sed  many  black  beetles  (mostly  GaUrita),  They  would  pounce  on  a  beetle, 
give  it  a  pinch  tlirough  tlie  head  or  thorax,  drop  it,  and  seize  another  with  such  ra- 
pidity that  but  few  it  any  oiKraped.  I  could  not  on  any  condition  tempt  their  ap- 
Cetites  with  Coloratlo  beetles,  squash  bugs,  cucumber  bugs,  or  any  of  the  soldier 
ugs  or  lady  birds  (Coccinella).  I  had  a  male  Crow  that  would  eat  the  cabbage 
caterpillar  {PieriH  rapce)  witli  evident  relish  while  his  mate  disdained  such  plebeian 
diet.  They  would  kill  the  sow  bugs  {Onisciis)  and  species  of  Myriapoda,  but  would 
not  eat  them. 


THE   INSECT   FOOD   OF    THE   CROW   AS    REVEALED    BY  EXAMINATION 

OF   STOMACHS. 

Among  the  eighty-six  stomachs  of  ihe  Common  Crow  examined, 
sixty-three  were  found  to  contain  insect  remains,  and  these  remains 
were  submitted  to  the  Entomologist  of  the  Department,  Prof.  C.  V. 
Riley,  who  caused  a  critical  study  of  them  to  be  made,  and  has  in 
preparation  a  full  report,  showing  the  number  and  kinds  of  insects 
represented  in  eacli  stomach,  with  notes  as  to  their  habits  and  eco- 
nomic importance.  A  brief  summary  of  the  more  important  facts 
brought  out  by  this  investigation  is  ^iven  herewith.  It  has  been 
prei)ared  by  the  writer  from  a  preliminarjr  report  to  the  Entomolo- 
gist Ijy  Tyler  Townsend,  assistant,  who,  with  the  aid  of  the  other 
members  of  the  entomological  force,  made  most  of  the  determina- 
tions. The  full  report  will  appear  in  a  bulletin  on  the  Crow,  which 
is  now  in  preparation  in  the  Ornithological  Division. 

Tlie  stomachs  examined  contained  the  remains  of  about  ninety- 
two  species  of  true  insects,  represented  by  about  five  hundred  speci- 
mens. About  10  per  cent,  of  these  can  not  be  classed  properl^  as 
either  beneficial  or  injurious,  and  the  remainder  are  di^adea  pretty 
evenly  between  the  two.  Tlie  following  table  shows  the  orders  rep- 
resented, as  well  as  the  number  of  species  and  individuals  in  each, 
and  these  are  further  classified  under  the  heads  beneficial,  injurious, 
and  neutral: 

Table  showing  the  nature  of  the  insect  food  in  sixty-three  stoniacha  of  the  C<ymmwi 

Crow, 


Hymenoptera 

I>?pidoptera 

Dipt^ra • 

C.'oleoptf  ra 

Heniiptera 

Orthoptera 

Neuroptera 

Total 


Species. 

Individua]& 

Bene- 
ficial. 

IG 
0 

1 
0 
0 

Inju- 
rious. 

1 

6 

0 

IG 

1 

17 
0 

i^eu- 
tral. 

Total. 

Bene- 
ficial. 

^  Inju- 
rious. 

Neu- 
tral. 

1 

TotaL 

0 
0 
0 
8 

1 
0 
1 

17 
G 
1 

47 
8 

17 
1 

196 
0 

1 

8 

8 
16 

0 
W 

1 
150 

0 

0 
0 
0 

88 
1 
0 

18 

184 

16 

1 

174 

3 

160 

18 

41 

41 

10 

213 

288 

61 

486 

In  addition  to  the  tnie  insects  mentioned  above,  the  stomachs  contained  remains 
of  at  least  three  si)ecies  of  spidera  and  two  of  myriapods,  sixteen  specimens  in  all, 

and  all  beneficial. 
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Tlie  order  Coleoptera  (beetles)  is  most  mimerously  i^presented,  and 
a  majority  of  the  species  are  beneficial.  It  is  an  interesting  fact  that 
no  It'ss  thiiu  oiivhteen  species  of  predacoons  boetlos  {CicimYelidxe.  and 
Carahi(Uv)  are  included  in  this  number,  together  with  nearly  a  dozen 
sptiies  of  tlio  scavenger  beetles  {Scarabceidc^).  Some  of  these  are 
specii's  2)ossessing  disagreeable  odors,  and  it  is  somewhat  surprising 
tnnt  the  Crow  sliould  take  them  unless  other  food  was  scarce.  They 
oc(uxr  most  abundantly,  however,  in  stomachs  taken  in  May,  June, 
and  Jul3^  when  other  food  must  have  been  abundant.  Among  the 
injurious  beetles  identified  are  the  flat-headed  apple-tree  borer  {Chrys- 
ohoihris),  of  which  a  single  specimen  was  founa;  May  beetles  (Laeh- 
nosferna)  in  five  stomachs  (nine  specimens  in  one);  and  a  few  other 
borei^s  and  leaf-feeders.  Three  small  weevils  were  taken  from  (me 
stomacli  and  considered  **' injurious  insects,-' as  they  are,  but  it  is 
probable  that  they  Avere  hidden  in  kernels  of  corn  which  were  eaten 
by  the  Crow. 

The  order  Orthoptera  (grasshoppers,  crickets,  etc.)  is  well  repre- 
sented by  one  hundred  and  fifty  specimens  belonging  to  seventeen 
species.  Twenty-eight  stomachs  contained  examjdes  of  this  oitler, 
and  the  results  of  stomach  examination  in  this  case  bear  out  the 
statements  of  observers  and  show  that  in  this  directicm  the  work 
done  by  the  Crow  is  entirely  beneficial,  as  all  those  insects  are  more 
or  less  injurious. 

The  order  Hymenoptera,  including  the  wasps,  bees,  ants,  etc.,  is 
rej^resented,  in  the  material  taken  from  the  Crow  stomachs,  by  one 
hundred  and  thirty-four  specimens  belonging  to  seventeen  species, 
all  but  one  of  which  are  beneficial.  A  species  of  saw-fly,  decidedly 
injurious,  was  found  in  one  stomach,  and  seven  larvae  of  the  same  or 
another  species  in  a  second  stomach.  One  of  these  stomachs,  how- 
ever, also  contained  the  remains  of  a  young  bird,  apparently  a  nest- 
ling, and  it  is  not  improbable  that  the  saw-flies  came  I'rom  this  source. 
Two  other  stomachs  contained  remains  of  ichneumon  flies  belonging 
to  different  genera.  These  are  among  the  most  beneficial  of  insects, 
destroying  particularly  large  numbers  of  caterpillars, 

Onl^  one  other  order  requires  special  mention,  viz,  the  Lepidoptera. 

In  this  are  included  the  Initterfiies  and  moths,  the  larvie  of  which 

are  almost  invariably  destructive.     Contrary  to  what  might  have 

been  exi)ected,  the  Crow  stomachs  do  not  show  numy  representatives 

of  this  order.     Six  species,  five  of  wliich  are  decidedly  injurious,  were 

recognized,  but  the  sixteen  specimens  were  distributi-d  among  nine 

otomachs.      The  family  Noduidce,  which  includes  the  cut- worms, 

vas  represented  by  nine  specimens  in  six  >toniachs  ;  tliat  is,  but  six 

'  'ows  out  of  eighty-six  had  eaten  any  cut-worms. 

T^  C(mcluding  tliis  imperfect  simimarv  of  the  insectivorous  habits 

^*^  Common  Crow  it  must  be  ccmceded  tliat  the  showing  is  not  very 

liable  for  the  bird. 

'    wi'LoMiKr  inerely  the  testimony  of  observers,  tlie  comdusion 

wvora^^i^  in  the  main,  for  it  api^'^'^^'sthat  the  Crow  eats  in- 

,     .  .irhr-r     .>^  soason,  at  m-*^!  r  tip    -    n  large  ([unntities,  and 

xiju'-i'^-is  kinch        \)  I        •   ^  they  are  mainly  ter- 

'•     •         -      vixcineai     viiids,  bi       »\e:>  .^^r-i/iV-lly  injurious  in 

tr    '■  f  1 '"  vi\ .    ^o-n^-fi/>io     .  ic^t   -  -..  ^'"^  taken. 

^ia-  '  nxk.^   *     ~*  '■■■'■ '__»,cn->i         -^•\%v  *  c^r,   tne  case 

-r5ui._.,-         H^  viiix|decx.^ii  fVi^^ngl      he  evidence  from 

■»s  s'^  ..    ..       r    mnie  rf— •-    'c     '       '^ — i.ouy  ^^^  obsei'vers, 

IT'.,.  -    --  .  ,.  T'^iii.  "I     ....        .*apr»<-s    I— »  tat"**^'  in 
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nearly  equal  quantities,  and  thus  the  good  done  at  one  time  may  be 
fully  neutralized  at  another.  The  force  of  this  ])0}nt  is  mueh  weak- 
ened hy  Uw  sni;»ll  ininiher  of  stoniaeli  exaini nations  made,  and  by 
tlie  t'.ut  that  so  few  Crows  were  taken  durin.^*  the  :saminer  months  ; 
but  the  }})  (lira  I  ions  ])()int  to  an  omnivorous  iiabit  in  general,  and  to 
th(Mh'sii'U(tion  of  good  and  bad  insects  indiscriminately. 

As  has  been  suggestcnl  by  many  previous  writers  and  reiterated 
by  ]iunib(»rs  of  our  own  observers,  the  harm  done  in  the  destruction 
of  eggs  and  young  of  insectivorous  birds  during  sjn'ing  and  early 
sumnuM"  is  beyond  all  computation;  and  itisdifllicult  for  one  familiar 
with  th(^  magnitude  of  the  Crow's  iniquity  in  this  direction  to  believe 
that  any  destruction  of  injurious  insects  or  other  animals  can  fully 
atojie  for  it.  Yet  even  here  another  factor  should  be  taken  into 
accouni,  as  it  must  be  borne  in  mind  that  many  of  the  small  birds 
killed  by  the  Crow  are  not  strictly  insectivorous,  while  some  of  them, 
in  their  thefts  of  fruit  and  other  crops,  continually  tend  to  even  their 
own  accounts  with  the  farmer,  and  occasionally  oven  overdraw 
them. 

THK  CROW  AS  AN  ENKMY  TO  FIELD  MICK  AND  OTHER  SMALL  QUAD- 
RUPEDS. 

Aside  from  the  insect-eating  habits  of  the  Crow  its  most  beneficial 
trait  probably  is  the  killing  of  field  mice.  Of  these  it  is  a  great 
destroyer,  hunting  up  the  nests  and  devouring  young  and  old  when- 
ever tlu'y  can  be  caught.  There  is  abundance  of  evidence  that  Crows 
are  vei-y  skillful  at  such  hunting,  and  undoubtedly  thev  form  one  of 
th(^  strong  clu^cks  on  tlui  increase  of  these  XH'oliiic  anci  destructive 
nxlents.  Among  the  re])ortsof  our  correspondents  are  twelve  which 
nn  iition  this  habit  of  mouse-hunting,  and  from  these  we  select  a 
few: 

From  James  ().  AVhiltenun-e,  Fairfield,  Me.: 

I  1kiv(M)1)s«hv(  (I  Crows  catching  insects  and  iiold-mice  all  tlio  year  round.  The 
antral  iin|)nssi()n  anionjj:  farmers  is  to  tolerate  Crows  at  all  sea.sons  except  the 
early  sj>riii.i2:. 

From  ().  P.  llitchings,  Winfield,  N.  Y.: 
Tiii'  ( "row  has  tlu'  reputation  of  catching  tield-inice,  especially  just  after  the  grass 

ha^  itet-ll  cut. 

From  F.  A.  Sampson,  Sedalia,  Mo.: 

Aft<r  iiiowin;^:  T  }iav<»  seen  (^rows  feeding  on  what  I  supposed  to  be  grasshoppers; 

they  als(^  eateli  an«l  eat  mice. 

Wt'  have  reci'ived  one  report  also  from  William  J.  Howerton,  of 

FloHMicc,  Ariz.,  who  writes  as  follows: 

Tlie  ( 'omiiHui  ( 'row  of  this  section  is  of  some  economic  value,  as  I  have  observed  it 
catcliiuL;"  and  killing  the  c:ommon  pocket  gopher. 

-Aiis(  Erj.AXEors  animal  pood  of  the  crow. 

Prohahly  no  family  of  birds  in  existence  is  more  truly  omnivorous 
limn  th('  Crows:  almost  anything  eatable  is  utilized  when  Tiunger 
presses,  thonu'h  at  other  times  they  are  more  scrapnlons  about  their 
f<:oil.  !r  isTis(^h'ss.  therefore, to  attempt  to  give  a  complete  category 
of  tlie  items  Vv- hi  eh  may  enter  into  the  Crow's  diet,  and  as  many  of 
them  ]i;iv<'  no  bearing  on  the  economic  aspects  of  the  questilon  it  is 
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unnecessary  to  dwell  on  the  subject  here;  any  one  who  is  curious  to 
know  exactly  what  ninety-eight  Crows  had  eaten  just  before  thev 
were  killed  can  consult  the  list  of  stomach  examinations  with  which 
this  paper  concludes. 

The  animal  matter  contained  in  the  stomachs  of  eighty-six  Com- 
mon Crows  examined  was  as  follows: 


Animal  contents  of  stomachs. 


No.  of 
Ktomacfas 
inwhidi 

found. 


Carrion 

Remains  of  mice 

snake 

frogs 

salamander 

fish 

crayfish 

other  crustaceans 

mussels  or  clams 

snails  of  various  kinds 

insects 

spiders 

myriapod 


14 
4 
1 
5 
1 
9 
0 
5 
4 
G 

68 
2 
1 


The  following  statement  from  Mr.  John  M.  Richardson,  of  Daiu- 
gerfield,  Tex.,  is  interesting  in  this  connection  from  its  novelty.  Mr. 
Richardson  writes: 

The  Crow  is  known  to  catch  young  terrapins,  and  tliere  is  reason  to  believe  that 
it  destrovs  other  small  reptiles.  I  remember  a  rcx^k-crowned  hill  on  the  east  bank 
of  the  Wateree,  between  Manchester  andStatesburgh.  in  Sumter  County,  Ga.,that 
was  almost  covered  with  remains  of  small  terrapins  and  land  tortoises  carried 
there,  killed,  and  devoured  by  Crows. 


THE  CROW  AS  A  SCAVENGER. 

The  eighty-six  stomach  examinations  of  the  Common  Crow  showed 
food  in  but  fourteen  cases  whicli  could  properly  be  called  carrion; 
but  it  is  a  well-known  fact  that  during  seasons  of  scarcity  Crows  eat 
large  quantities  of  carrion.  Nevertheless  tlie  good  done  in  this  way 
has  been  very  greatly  overestimated,  for  it  is  almost  certain  that  they 
prefer  fresh  food  to  carrion,  and  only  take  tlie  latter  when  more  agree- 
able food  is  scarce.  This  is  mainly  during  winter  and  early  spring 
when,  in  cold  climates,  no  harm  would  be  done  if  the  carrion  were 
allowed  to  lie  uneaten. 

During  warm  weather,  Avhen  the  decay  of  animal  substances  is 
more  unj)leasant  and  perhaps  more  dangerous  to  health,  the  Crow 
rarely  touches  a  carcass  at  all,  but  any  animal  which  dies  at  that 
time,  together  with  any  carcasses  left  from  earlier  in  the  season,  are 
soon  disposed  of  by  insects  and  the  natural  processes  of  desiccation 
and  decay. 

In  warm  climates  the  black  vultures  and  turkey  buzzards  render 
the  services  of  Crows  entirely  superfluous.  Undoubtedly  there  are 
times  when  Crows  are  serviceable  in  the  removal  of  carrion,  but  in 
most  cases  there  is  no  excuse  for  its  presence  in  places  where  it  can 
do  any  harm. 
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Food  of  the  Fish  Crow. 

The  food  of  the  Fish  Crow  has  been  represented  ngually.  as  con- 
sisting more  strictly  of  marine  products  than  tjbialp^,  the  Uommon 
Crow;  and  it  has  oeen  supposed  also  not  to  pnll  com  or  feed  on 
ripening  grain,  but  to  devote  more  time  to  f ruft  and  perhaps  to  in- 
secxs* 

The  examination  of  the  twelve  stomachs  of  Fish  Crows  does  not 
bear  out  all  these  statements,  for  no  one  of  the  stomachs  contained 
any  trace  of  fish  or  any  marine  product,  except  a  few  bite  of  ^ell  in 
one  stomach.  Only  three  of  the  stomachs  conxamed  any  traces  of  in- 
sects (these  mostly  grasshoppers),  while  five  contained  oarriony  and 
ei^ht  contained  gram  and  oerries.  No  one  of  these  stomachs  con- 
tained any  seeds  of  poison  ivy  or  sumach. 

SUMMARY  OF  EVIDENCE  FROM  ALL  SOURCES. 

It  appears,  therefore,  from  a  careful  consideration  of  all  testimony, 
publisned  and  unpublished,  that — 

I.  Crows  seriously  damage  the  com  crop,  and  injure  other  grain 
crops  usually  to  a  less  extent. 

II.  They  damage  other  farm  crops  to  some  extent,  frequently  doing 
much  mischief. 

III.  They  are  very  destructive  to  the  eggs  and  young  of  domes- 
ticated fowls. 

lY.  They  do  int^alculable  damage  to  the  eggs  and  young  of  na- 
tive birds. 

V.  They  do  much  harm  by  the  distribution  of  seeds  of  poison  ivy, 
poison  sumach,  and  perhaps  other  noxious  uhmts. 

VI.  They  do  much  harm  by  the  destruction  of  beneficial  insects. 
On  the  other  hand — 

VII.  They  do  much  good  by  the  destruction  of  injurious  insects. 

VIII.  They  are  largely  beneficial  through  their  destruction  of  mice 
and  other  rodents. 

IX.  They  are  valuable  occasionally  as  scavengers.  i 
The  careful  examination  of  large  numbers  of  stomachs,  and  the 

critical  study  of  the  insect  food  of  the  Crow,  may  change  materially 
the  present  aspect  of  the  question^  but  so  far  as  the  facts  at  present 
known  enable  a  jud^ent  to  be  lormed,  the  harm 'which  Crows  do 
appears  to  far  outweigh  the  good. 

RESULTS  IN  DETAIL  OF  THE  EXAMINATION  OF  aTOMACHB  OF  TOM 

COMMON  CROW  (C0RVU8  AMER1CANU8). 

[Note.— The  following  records  of  diasection  are  from  examinatJong  of  itoniaciis 
preserved  in  alcohol  and  forwarded  to  the  Department  of  Agrioottofe  hf  tflie  col- 
lectors whose  names  accompany  the  records  m  the  Us!  below.  Unless  oCiberwise 
stated  the  determinations  of  the  various  items  of  stomach  contents  have  been  made 
entirely  by  members  of  the  Division,  the  writer  being  responsible  for  the  laiger 
part.  Tlie  percentages  of  the  food  elements  in  each  case  are  to  be  zegarded  tSaaocpfy 
as  approximate;  they  are  merelv  careful  estimates,  no  exact  measuiement  bebg 
practicable.  As  elsewhere  stated,  the  remains  of  insects  were  refiarred  to  Cbe  En- 
tomologist of  the  Department,  for  critical  study,  and  a  sunmarj  of  bis  pwHmfaatx 
report  Has  been  given  on  a  previous  page.] 

2648.    Male.    Schraalenburgh,  N.  J.    January  8, 1886;  9.80  a.  m.    F/ J.  Dlson. 
Animal  matter,  0  per  cent;  vegetable,  90;  gravel,  etc,  6;  indeterminate,  4 

Stomach  less  tnan  half  full. 
Confenf^.— Fragments  of  com,  aooms,  etc;  8  Ute  of  inseot  lifiM  ftM  mad* 
like  matter  not  detenodined;  a  Uttie  sand  and  givfsL 


4438. 
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3649.    Female.    Schraalenburgh,  N.  J.    January  2, 1886;  10.30  a.m.     F.  J. Dixon. 

Animal  matter,  7  per  c(»nt.;  vegetable,  90;  gravel,  etc.,  3.    Stomach  well 
tilled. 

Contents, — Remains  of  corn;  pumpkin  and  cucumber  seeds,  and  perhaps 
other  seeds:  remains  of  muscular  fiber,  probably  from  a  mussel  or  clam 
as  some  of  it  was  attached  to  a  piece  of  a  shell,  apparently  that  of  bivalve; 
a  few  bits  of  shell  and  a  little  sand:  no  remains  of  insects. 
7010.     Chester  County,  Pa.    January  12,  1887.     Dr.  B.  H.  Warren. 

Animal  matter.  2o  per  cent.;  vegetable,  50;  gravel,  etc.,  25.    Stomach  about 
two-thirds  full. 

Contents. — A  few  l^its  of  corn  (kernels),  and  a  large  amoimt  of  hulls  of  corn 
or  other  grjiin,  with  s(.^me  other  vegetable  fiber:  4  -seeds  of  poison  ivy 
{Rhus  tojcfoodendron):  2  vortebi*aB  of  small  bird*  and  several  fragments <x 
bone  of  small  fish*:  8  or  4  small  l)eetles  and  a  large  quantitr^  of  other 
insect  remains,  and  one  spider;  a  good  supplv  of  coarse  gravel. 
7013.    Chester  County,  Pa.    January  15, 1887.     Dr.  B.  ll.  Warren. 

■  Animal  matter.  1  per  cent.:  vegetable.  90;   gravel,  etc.,  9.    Stomach  about 
three-fourths  full. 

Contents. — One  hundred  and  fifty-three  seeds  of  i)oison  ivy  (JRJius  toxicoden- 
dron), about  125s(H.'dsof  sumach  {RJnis  glabra);  egg-caseof  a  spider;  insect 
remains:  a  fair  amount  of  sand  and  gravel;  a  quantity  of  finely  pulverised 
vegetal )le  matter  mixed  witli  fine  sand. 
4482.     Male.    East  Hartfortl,  Conn.    January  15,  1887:  a.  m.    Willard  E.  Treat 

Animal  matter,  10  T)er  cent.:  vegetable,  75;  gravel,  etc.,  15.     Stomach  well 
filled. 

Contents. — Remains  of  kei-neLs  of  com,  forming  about  70  per  cent  of  entire 
stomach  contents:  about  15  seeds  of  coimuon  sumach  {Khu8)and  1  seed  of 

Eoison  simiach  {Rhns  I'enenata):  about  10  per  cent,  of  bits  of  flesh  and 
gamentof  some  animal,  probably  carrion;  a  large  amount  of  clean  sand 
without  pebl)les:  no  insect  remains. 
Female.     East  Hartford,  Conn.     January  15,  1887:  a.  m.     WiUard  El.  Treat. 
Animal  matter,  15  ixu-  cent.;   vegetable,  10;  gravel,  etc.,  75.    Stomach  less 

than  half  full. 

Contents. — Three  imknown  seeils,  probably  of  apple,  pear,  or  quince;  a  small 

amount  of  vegetable  matter  like  pulp  of  fruit;  a  single  hog  bristle  and  a 

number  of  bits  of  meat,  probably  carrion:  a  large  amount  of  sand  with- 

•   out  anv  gravel  or  pebbles:  no  insect  remains. 

4484.     Female.     East  Hartford,  Coim.    January  16,  1887;  a.  m.    Willard  E.  Treat 

Animal  matter,  15  per  cent.;  vegetable,  10;  gravel,  etc.,  75.    Stomach  about 

half  fuU. 

Contents. — A  few  skins  of  l)erries  or  seeds  in  small  bits,  and  a  little  other  fine 

vegf?table  debris;  a  single  hog  bristle  and  bits  of  animal  tissue,  probiU)ly 

carrion:  about  2  jx^r  cent,  of  insect  remains,  all  of  a  single  insect ;  a  lai^ge 

amomit  of  sand,  and  two  or  three  small  i^ebbles. 

4435.     Male.    East  Hartford,  Conn.    January,  16,  1887;  2  p.  m.    Willard  E,  Treat 

Animal  matter,  5  per  cent. ;  vegetable,  3;  gravel,  ete.,  92.    Stomach  almost 

em})ty. 
Contents. — One  or  two  hog  bristles  and  a  few  shreds  of  animal  membrane, 
probably  carrion;  a  few  bits  of  hulls  of  corn  or  other  grain;  a  little  sand 
and  many  small  fragments  o^  some  hard  black  mineral;  no  insect  re- 
mains. 

4486.  Female.     East  Hartford,  Conn,     Januai-v  16,  1887;   2  p.  m.    Willard  E. 

Treat. 
Animal  matter,  85  per  cent.;  vegetable,  00;  gravel,  etc.,  5.    Stomach  about 

half  fiUl. 
Content*;. — About  100  seeds  of  poLson  ivy  (RIius  tonneodendron\  and  7  seeds  of 

conunon  sumach  (Ehuji);  about  35  ver  cent,  of  shreds  and  bits  of  animal 

membrane,  probably  carrion;  a  little  sand,  and  five  or  six  small  pebbles; 

no  insects. 

4487.  Male.     East  Hartford.  Conn.    January  16,  1887;  2  p.  m.    Willard  E.  Treat 
Animal  matter,  40  per  cent.:  vegetable,  10:  gravel,  etc.,  50.    Stomach  almost 

empty. 
Contents'— Twi^  seeds  of  harmless  sumach  (Rhns)  and  a  few  hulls  and  skins 
of  oth<T  setnls  or  grain:  one  hog  bristle  and  &  few  shreds  and  small 
masses  of  muscle  and  tendon,  probably  carrion;  sand  without  pebbles; 
no  insects. 


Tliese  bones  were  Identified  by  F.  A.  Lucas. 
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44i]S.     Male.     East  Hartford,  Conn.     January  16,  1887;  2  p.  m.    Willard  E.  Treat. 
Animal  matter,  14  \)er  eent.;  vegetable,  85;  gravel,  etc.,  1.    Stomach  well 

niled. 
C(nitentii.—}iv\inunA  of  about  20  kernels  of  com,  9  or  10  of  them  nearly  entire; 

al)out  HO  seeds  of  harmless  sumach  (Rhus);  one  or  two  hog  bristles,  and 

many  shreds  and  bits  of  meat,  prol)ably  carrion;  a  very  little  sand;  no  in- 

seels. 

4450.  Female.     East  Hartford,  Coim.     January  31,  1887;  10  a.  m.     Willard  E. 

Treat. 
Animal  matter,  o  [)er  cent.;  vegetable,  48;  gravel,  etc.,  47.     Stomach  vveU 

filled. 
Contents, — Remains  of  kernels  of  corn,  mostly  hulls;  one  or  two  small  shreds 

of  meat  (carrion  V);  a  dozen  or  more  caddis-fly  cases  and  some  of  the  legs 

of  the  larvjt;  [Tvler  Townsend] ;  a  large  amoiuit  of  sand  and  gravel. 

4451.  Male.     East  Hartford,  Conn.    January  31,  1887;  10  a.m.    Willard  E.  Treat. 
Animal  matter,  50  per  cent. ;  vegetable,  50;  gravel,  etc. ,  0.     Stomach  less  than 

half  full. 
Contents. — Scraps  and  slu-edsof  meat  and  animal  membrane  (carrion?);  about 

120  seeds  of  harmless  sumach  (Rhus),  and  other  remains  of  the  berries; 

no  gravel  or  sand:  no  insects. 
4453.     Male.     East  Hartford,  Conn.     January  31, 1887;  10  a.  m.     Willard  E.  Treat. 
Animal  matter,  50  per  cent.;  vegetable,  43;  gravel,  etc.,  8.     Stomach  well 

filleil. 
Contents, — Shreds  and  tendinous  masses  of  animal  matter,  probably  carrion; 

remains  of  a  few  acorns  or  chestnuts;  77  seeds  of  iX)ison  ivy  {Rhus  tox- 
icodendron): alx)ut  175  seeds  of  harmless  sumach  {Rhtts);  a  small  amount 

of  gravel  and  sand;  no  insects. 
3059.     Male.     Sandy  Spring,  Md.    February  4,  1887;  a.m.    H.H. Miller. 

Animal  matter,  0  per  cent.;  vegetable,  87;  gravel,  etc.,  10;  indeterminate,  3. 

Stomach  well  lilled. 
Contents. — Corn  alnuxst  (aitirely,  more  than  half  of  it  in  large  pieces,  some 

nearly  entire  kernels  and  a  large  quantity  of  hulls;  about  10  per  cent,  of 

gravel  and  sand,  tlio  bulk  of  it  being  rusty  quartz;  a  small  amount  (3  per 

cent.)  of  tine  "  mud,''  not  identitiable;  no  insects. 
4401.     East  Hartford,  Conn.     February  14,  1887;  10  a.m.     Willard  E. Treat. 

Animal  matter,  40  percent.:  vegetable,  50;  gravel,  etc.,  10.    Stomach  well 

filled. 
Conteiits. — Remains  of  corn  an<l  perliaps  other  gniins,  with  a  few  bits  of  grass 

and  hulls  of  seeds:  about  GO  seeds  of  harmless  sumach (i^/i-MS),  apparently 

of  two  distinct  species:  3  se^nlsof  red  ce<lar  (Jnniperus);  a  large  amount 

of  muscular  liher.  fat,  and  sinews,  probably  carrion ;  sand  and  gravel;  no 

insects. 
4463.     Female.     lAXst  Hartford,  Conn.     February  14,  1887;  10  a.  m.     Willard  E. 

Treat. 
Animal  matter,  5  jter  cent.:,  vegetable,  45:  gi*avel,  etc.,  50.    Stomach  nearly 

empty. 
Contents.— llenumnU  of  corn  and  hulls:  a  few  bits  of  acorn  shells;  a  bit  of 

skin  (without  hair)  of  some  animal;  a  single  hog  bristle;  a  fair  amount 

of  tine  sand,  and  two  or  three  small  ix?bbles;  no  insects. 
44fi:i.     Female.     East  Harit()r<l.  Conn.     February  14,  1887;  10  a.m.     Willard  E. 

Treat. 
Animal  matter,  1  |xn-  ce)\t.:  vegetable,  45;  gravel,  etc.,  50;  indeterminate,  4. 

Stomach  about  half  full. 
Contents. — About  H)0  sei.'ds  of  harndess  sumach  (ii^/tiw),  and  a  considerable 

amount  of  hulls,  skins,  etc..  of  thi^e  or  other  seeds  and  fruits;  a  few 

minute  bits  of  the  hard  parts  of  insects;  a  little  very  fine  black  **mud," 

not  determined:  saTi<^  gravel,  and  bits  of  coke. 
4484.     :\ral(\     East  Hartford.  Conn.     February  14, 1887;  10  a.m.    Willard  E. Treat. 
Aniuial  uuilter,  75  \Kn-  cent.;  vegetable,  0;  gi'ave),  etc.,  25.    Stomach  almost 

eu»])ty. 
Contents'— Oui'  ]io<;  hristU":  a  very  little  muscular  fiber  and  sinew  and  some 

fat,  douhrU'ss  all  carrion:  a  small  ammmt  of  fine  sand:  no  insects. 
:n8^).     :\Iale.     Wi^st  (^oslun.  Pa.     Febmary  15,  1886.     Dr. B.H.Warren. 

Animal  matter,  5  \Hn'  cent.;  vegetable,  98:  gravel,  etc..  3.    Stomach  al)out 

half  full. 
i*onteiits. — R<Miiains  of  numerous  kernels  of  corn;  6  seeds  of  sumach:  a  small 

lM)ne  frojii  tai-sus  or  caq)U3  of  some  animal,  apparently  of  the  size  of  a 

dog  or  sheep;  a  single  piece  of  slate  about  one-naif  inch  long;  no  insects. 
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1831.    Male.    Washington,  D.  C.    iMarch  13,  1886;  4  p.  m.    Dr.  A.  K.  Pislier.. 

Animal  matter,  1  per  cent. ;  vegetable,  97;  gravel,  etc.,  2.    Stomach  well  filled. 

Contents. — Unidentified  vegetable  matter  mainly;  a  few  bits  of  com  or  other 
grain^  wi^h  some  hulls,  bits  of  grass,  and  what  appears  to  be  young  sprouts 
of  soin^  vegetable;  3  or  4  small  seeds  not  identified;  a  single  claw  of  a  cray- 
fish and  a  few  bits  of  insect  remains:  no  pebbles  and  very  little  sand. 
1879.    Yoimg.    Saint  Louis,  Mo.    May  23,  1885.     Otto  Widmann. 

Animal  matter,  99  per  cent.;  vegetable,  0;  gravel,  etc.,  1. 

Contents. — Many  bones  of  frog;  numerous  fragments  of  insects;  a  very  little 
sand. 

5510.  Nestling.    Gainesville,  Va.     May  13,  1887;  5  p.  ni.    Dr.  A.  K.  Fislier. 
Animal  matter,  90  per  cent.;  vegetable,  0:  gravel,  etc.,  0;  indeterminate,  10. 

Stomach  well  filled. 
Contents. — Mainly  insects;  a  few  Ixjnes  of  a  small  frog;  about  10  per  cent,  of 
fine  **mud,"  apparently  a  mixture  of  animal,  vegetable,  and  mineral 
matter,  but  not  determmable;  no  sand  or  gravel. 

5511.  Nestling.    Gainesville,  Va.    May  13,  1887;  5  p.  m.    Dr.  A.  K.  Fisher. 
Animal  matter,  90  per  c«nt.;  vegetable,  7;  gravel,  etc.,  1;  indeterminate,  2. 

Stomach  about  two-thirds  full. 
Contents. — Six  or  eight  small  pieces  of  vegetable  matter,  apparently  bits  of  an 
acorn  or  chestnut :  a  few  siireds  of  vegetable  fiber;  2  or  3  minute  bones  of 
a  fish;  3  bits  of  shell,  probably  of  snail;  a  single  small  pebble  and  a  few 
grains  of  sand;  a  large  amount  (nearly  90  per  cent.)  of  insect  remains, 
amon^  which  pieces  of  beetles  are  numerous;  a  small  amount  of  fine 
mud-like  material,  probably  from  the  insects. 
2514.     Adult  female.    Sing  Smg,  N.  Y.    June  30,  1886;  3  p.  m.    Dr.  A.  K.  Fislier. 
Animal  matter,  1  per  cent.;  vegetable,  99;  gravel,  etc.,  0.    Stomach  full. 
Contents. — Mainly  com,  one  wliole  kernel  and  many  large  pieces,  and  a  large 
amount  of  hulls  and  finely  pulverized  com;  3  stones  of  cherries  (culti- 
vated); a  few  bits  of  black  vegetable  material  like  the  shell  of  an  acorn; 
a  few  bits  of  the  hard  parts  of  beetles;  no  sand  or  gravel. 
2677.    Young.    Englewood,  N.  J.    June  27,  1886;  5  p.  m.     F.  M.  Chapman. 

Animal  matter,  95  \^er  cent. ;  vegetable,  5 ;  gravel,  etc. ,  0.    Stomach  well  filled. 
Contents. — Remains  of  a  small  bird,  apparently  an  unfledged  young;  remains 
of  insect  larvae  and  insects,  but  these  may  have  come  from  the  stomach 
of  the  young  bird  eaten  by  the  C'row;  a  few  bits  of  the  hulls  of  com,  and 
other  vegetable  debris. 
3045.    Adult  (?).    Peterborough,  Madison  County,  N.  Y.    June,  1886.    G.  S.  Mil- 
ler, jr. 
Animal  matter,  3  per  cent.;  vegetable,  95;  gi*avel,  etc.,  2.    Stomach  well 

filled. 
Contents. — Kernels  of  corn,  oats,  and  a  few  of  wheat,  together  with  a  large 
quantity  of  hulls,  mainly  of  oats:  a  few  small  fragments  of  insects;  4 
small  pebbles,  and  a  very  little  sand. 
3769.    ^lale.     Immature.     Peck's  Island,  New  Jei*sey.    July  1,  1886;  noon.     J. 
Percy  Moore. 
Animal  matter,  15  per  cent.;  vegetable,  10;  giavel,  etc.,  75.    Stomach  about 
half  full. 
'^'^ tents, — Mainly  sand  and  bits  of  shell;  two  or  three  bits  of  seaweed  and  a 
very  little  other  vege*'^'^^**  matter;  1  gusteropod  shell  about  half  an  inch 
bng;  3  or  4  joints  ^         ■  ustac^^^^'s  legs;  hundreds  of  minute  fish  verte- 
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2517.  Male  adult.     Sing  Sing,  N.  Y.     July  1,  1886;  noon.     Dr.  A.  K.  Fisher. 
Animal  matter,  05  per  cent.;  vegetable,  83;  gravel,  etc.,  2.     Stomach  well 

filled. 
Contents. — Seven  cherry  stones  (like  those  in  No.  2516),  and  bits  of  skins  and 
other  debris  of  fruit;  about  a  dozen  seeds  of  Rithiis,  apparently  the  red 
raspberry  (R,  strigosus);  large  quantity  of  insect  remains,  one  or  two  in- 
sects nearly  entire;  a  very  small  amount  of  sand. 

2518.  Male  adult.     Sing  Sing,  N.  Y.    July  1,  1886;  1  p.  m.     Dr.  A.  K.  Fisher. 
Animal  matter,  70  i)er  cent.;  vegetable,  30;  gravel,  etc.,  0.  Stomach  full. 
Contents, — Nineteen  cheny  stones  (like  those  in  No.  2516);  a  few  bits  of  fruit 

skins  and  vegetable  filler;  a  very  large  amount  of  insect  remains;  four 
small  vertebra)  of  small,  tailed  batrachian,  perhaps  a  salamander  (iden- 
tified by  F.  A.  Lucas). 

2519.  Male  adult.     Sing  Sing,  N.  Y.     July  2.  1886;  10.30  a.  m.     Dr.  A.  K.  Fisher. 
Animal  matter,  60  per  cent.;  vegetable,  40;  gravel,  etc.,  0.    Stomach  well 

filled. 

Contents. — Six  cherry  stones  (like  those  in  No.  2516),  and  a  very  little  other 
vegetable  matter;  bones  and  flesh  of  a  small  bullfrog  (identified by  F.  A. 
Lucas).     No  trace  of  insects  or  gravel. 

2520.  Female  adult.     Sing  Sing,  N.  Y.    July  2,  1886;  1  p.  m.    Dr.  A.  K.  Fisher. 
Animal  matter,  50  per  cent.;  vegetable,  50;  gravel,  etc.,  0.    Stomach  little 

distended. 
Contents. — Five  stones  of  cherry  (like  those  in  No.  2516);  remains  of  insects; 
no  gravel. 

2521.  Female  adult.     Sing  Sing,  N.  Y.     July  2, 1886;  1.30  p.  m.     Dr.  A.  K.  Fisher. 
Animal  matter,  60  per  cent.;  vegetable,  40;  gravel,  etc.,  0.    Stomach  nearly 

empty. 
Contents. — One  cherry  stone  (like  those  found  in  No.  2516),  and  a  single  frag- 
ment of  some  other  fruit  stones;  insect  remains;  no  gravel. 

2522.  Female  adult.     Sing  Sing,  N.  Y.    July  2, 1886;  2.30  p.  m.    Dr.  A.  K.  Fisher. 
Animal  matter, 33  per  cent.;  vegetable,  65;   gravel,  etc., 2.     Stomach  well 

filled. 
Contents. — Four  cherries,  whole  or  nearly  so,  and  stones  of  twelve  more 
(like  those  in  No.  2516),  with  a  very  little  other  vegetable  matter;  bones 
of  a  frog,  forming  about  four-fifths  of  the  animal  matter,  the  remainder 
being  fragments  of  insects;  a  single  pebble  and  a  very  little  sand. 

2078.  Young.     Nigger  Pond,  Ramapo  Moimtams,  N.  J.    July  4, 1886;  5  p.  m.     F. 

M.  Chapman. 
Animal  matter,  10  i^er  cent.;  vegetable, 90;  gravel,  etc.,0.    Stomach  nearly 

empty. 
Contents. — A  few  pieces  of  acorns,  peas,  or  kernels  of  corn;  three  or  foursma^ 

lx?rries,  probably  of  the  heath  family,  perhaps  blueberries  (VacciHtww); 

two  or  three  pieces  of  animal  matter,  possibly  bits  of  marine  worms; 

two  or  three  bones  of  small  fish;  no  sand  or  gravel. 

2079.  Young.     Nigger  Pond,  Rimiapo  Mountains,  New  Jersey.    July  4,  1886;  5 

p.  m.     F.  M.  Chapman. 
Animal  matter,  3  per  cent.;  vegetable,  97;  gravel,  etc.,  0.    Stomach  about 

half  full.  - 

Contents. — Numerous  fragments  of  the  flesh  of  some  nut,  fruit,  or  grain,. 

not  determined,  i)erhaps  of  acorn,  as  there  are  many  fragments  of  shell 

resembling  that  of  an  acorn;  2  pistils  of  flowers  nearly  an  inch  long;  a 

few  lx)nes  of  small  fish;  no  trace  of  insects  or  gravel. 
2866.     Male  adult  (V).     Peter lx)rough,  Madison  Coimty,  N.  Y.    July  14, 1886.     G.  S. 

Miller,  jr. 
Animal  matter,  60  ]>er  cent.;  vegetable,  30;  gravel,  etc.,  4;  indeterminate,  6. 

Stomach  well  fiUetl. 
Contents. — Remains  of  oats  (mainly  the  hulls);  fine  grass  and  some  other 

vegetable  fiber;  bones  and  nearly  all  the  teeth  of  a  field-mouse  (Arvicola 

ripariiis),  foiTiiing  about  25  per  cent,  of  the  whole  stomach  contents: 

alx)ut  30  per  cent,  of  insect  remains;  about  6  per  cent,  of  fine  **  mud  " 

not  identifiable. 
4886.    Young.    Hillsborough,  New  Brunswick,  July  15, 1886;  3  to  4  p.  m.    Jonathan 

Dwight,  jr. 
Animal  matter,  10  per  cent.;  vegetable,  45;  gravel,  etc.,  45.    Stomach  nearly 

em])ty. 
Contents. — Remains  of  seeds  and  berries,  two  kinds  of  seeds  not  recognized; 

remains  of  insects;  10  pebbles;  no  sand. 
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4887.  Male,yoiiAg.    Hillsborough,  New  Briin!^\vk-k.    July  IG,  1880:  8a.  m.    Jonathan 

Dwight,  jr. 

Animal  mattt.T,  o')  jkt  cent.:  vegotiihlo,  (m:  ;;^riivel,  otc,  0.  Stomach  less  than 
lialf  full. 

Coutents.'—A  piece  of  moss  alxmt  half  an  inch  long;  hulls  of  tive  or  six  rasp- 
berries; seven  seeds  of  red  ras])ix>ny  {Ridms  fitrigotiHn);  remains  of  a 
large  cutworm:  no  gravel  or  sand. 

4888.  Female,  young.      Hillslx)rough,  New  Brunswick.     July  16,  1880;  8  a.  m. 

Jonathan  Dwight,  jr. 

Animal  matter,  1  per  cent.;  vegetable.  91):  gravel,  etc.,  0.  Stomach  less  than 
half  full. 

.Contents, — Hulls  and  a  few  sc-etis  of  rasplx?rry;  two  small,  unknown  pods  not 
yet  rii)e:  twelve  or  fifteen  very  small  seeds,  iM)ssibly  those  of  strawber- 
ries; a  single  fraginent  of  some  beetle;  no  gravel  or  sand. 
4962.     ]VIale,  immature.     Hillsborough,  New  Brunswick.     July  29,  1886;  5.  p.  m. 
Jonathan  Dwight,  jr. 

Animal  matter,  20  per  cent.:  vegetable.  80:  gr:i\el.  etc.,  0.  Stomach  about 
half  full. 

Contents. — A  large  amount  of  imlp  Jind  skins  of  some  fruit  not  identified 
(the  pulp  looks  like  that  of  an  early  api)U',  but  the  skins  are  too  thin);  two 
stones  of  some  s|)ecie8  of  Pnmua,  ]>erliaps  a  Ix^ech  plum;  remains  of 
insects,  mainly  (V)  Ix'etles,  but  one  Iarg(^  cutworm:  no  gravel. 
735.  Immature.  Sing  Sing,  N.  Y.  Sept(MnU-r  18,  1885;  10  a.  m.  Dr.  C.  Hart 
Merriam. 

Aniiual  matter,  5  jx^r  cent.;  vegetable,  00;  gravel,  etc.,  20;  indeterminate,  15. 
Stomach  well  filled. 

Contents. — Twenty-two  stones  of  wild  cherry  (i^;vf/??/.s  serotina)\  ^  of  cornel 
{Comas  sp.V),  and  3  unidentitied:  also  pulj)  of  alK)ve  l»emes:  a  few  pieces 
of  what  apix?ars  to  be  an  acorn  or  cliestnut:  various  hard  parts  of  insects. 

1540.  Alfred  Centre,  N.  Y.     Septemln-r  20,  18S.-):  a.  m.    F.  S.  Place. 

Animal  matter,  45  jx^r  cent.;  vegetable,  5*-):  grav(»I,  etc.,  2.    Stomach  full. 
Contents. — Fi-agments  of  the  "meat"  of  some  nut  or  large  seed;  pieces  of 

acorns  or  chestnuts;  nmnerous  fragments  of  fniit  pulp,  probably  apple; 

many  insect  remains  (45  per  cent.):  5  small  p'^bbles:  no  sand. 

1541.  Alfred  Centre,  N.  Y.    September  20,  1885:  a.m.    F.S. Place. 

Animal  matter,  40  i)er  cent.:  vegetable,  60:  gravel,  etc.,  0,     Stomach  full. 

Contents. — Seven  stones  of  wild  cherry  (TV//// m.s  serotina);  5  or  6  triangular 
seeds  (of  Polygojium  ?);  skins  and  other  vegetable  matter  from  both  the 
preceding,  and  some  long  vegetable  filx^r  from  some*  other  plant;  numer- 
ous insect  remains:  no  siind  or  gravel. 

2239.  Male.    Wiisliington, D. C.    Septeml>er  7, 1886;  11  a.m.    W.B. Barrows. 
Ammal  matter,  0  percent.:  vegetable,  70:  gravel,  etc.,  5:  indeterminate,  25. 

Stomach  almost  empty. 
Contents. — One  graj^e  seed :  vegetable  fiber  finely  di^ided;  2  or  8  bits  of  sand 
and  gravel;  fine  mud-like  material,  not  identifiable:  no  insects. 

2240.  Male.    AVashmgton, D. C.    September  7, 1880;  11  a.m.    F.A.Lucas. 
Animal  matter,' 10  percent.;  vegetable,  80;  gravel,  etc.,  10.    Stomach  about 

half  full. 

and  much  vegetable  fiber; 
•eds  of  iX)ison  i\'T;  small 
gravel:  a  fell'  insect  remains. 
The  graiH^  seeds  aref^  undoubtedly  tliose  of  cultivated  grapes,  as  this 
rd  and  No.  22159  wtTe  shot  near  a  vineyard,  the  owner  of  which  com- 
ained  of  the  great  damage  done  bv  the  Crows, 
red  Centre,  N.  Y.    Sei)t6mlx'r  7, 1S8G.    F. S. Place, 
^""nal  matter,  95  per  cent.;  veg("tablc,  5:  gravel,  etc.,  0.     Stomach  less  than 
lalf  full. 

^'"*s. — One  stone  of  Anld  cheny  and  a  very  little  fine  vep^etable  matter, 
,.woably  from  the  fruit  of  the  siinie;  .several  gra8shop[)er8  and  perhaps 
'*l^'»»*  insects;  no  j>"'*avel. 

jiw.H,.   -uioT^'      ►^'-"York.     Septemlx»rll,1886;  a.  m.    W.  W.  Worth- 

'  vegetable.  85:  gravel,  etc., 5.    Stomach  >vell  filled. 

"         xiS  of  bay-berry  or  wax-be rrv  (3/^ric/i  cer //(era);  hulls 

^'^    •••'•'vin,  ^^^th  a  few  small  l>its  of  the  grain;  a  little 

n^^xic        ./o  identified;  remains  of  the  legs  of  a  small  cnis- 

nc^n...  ...  '■iff' '^  QQiT' 
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4587.  Male.     Shelter  Island,  New  York.     October  1,  1886;  a.  m.    W.  W.  Worth- 

ington. 
Animal  matter,  25  per  cent.:  vegetable,  60:  gravel,  etc.,  15.     Stomach  about 

half  full. 
Contents, — Fragments  of  acoms  or  chestnuts,  and,  perhaps,  of  •some  other 

seeds,  but  these  mainly;  remains  of  a  crayfish;  4  or  5  minute  bits  of  an 

insect;  considerable  sand,  but  no  pebbles. 

4588.  Male.    Shelter  Island,  New  York.    October  1,  1886;  a.  m.    W.  W.  Worth- 

ington. 
Animal  matter,  0  per  cent. ;  vegetable,  100;  gravel,  etc.,  0.    Stomach  less  tlian 

half  full. 
Cotitentii. — Remains  of  a  dozen  or  more  kernels  of  corn:  alx)ut  50  stones  of 

l>ay-beny  (Myrica  cerifera);  a  single  stoniB  of  some  wild  Pninns,  probably 

the  beach  plum  (P.  maritwia);  8  small  claw  tijis  of  a  crab  or  crayfish,  prol)- 

ably  taken  as  gravel  (?);  no  insects. 
3269.     Female,  adult.     Smg  Sing,  N.  Y.     Octolx'r  2,  1886;  3  p.  m.     Dr.  A.  K.  Fisher. 
Animal  matter,  3  per  cent.;  vegetable,  95;  gravel,  etc.,  8.     Stomach  full. 
Contents. — Nineteen  seeds  of  flowering  dogwood  (Cornus  florida);  17  seeds  of 

bay-berry  {Myrica  cerifera);  bits  of  shell  of  chestnuts  and  large  amount 

of  chestnut  "meat;"  8  vertebree  and  other  small  bones  of  a  small  fish; 

minute  bits  of  the  sliell  of  insects;  little  sand  and  gravel. 
1489.     Essex  Junction,  Vt.     Octolx^r  8,  1885;  10  a.  m.     Charles  A.  Davis. 

Animal  matter,  1  percent.;  vegetiible,  10;  gravel,  etc.,  89.     Stomach  ne^ariy 

empty. 
Contents. — Skin  and  pulp  of  a  single  fruit,  i)erhaps  a  graiK*,  but  no  seeds;  large 

(quantity  of  sand  and  gravel;  minut<3  fragments  of  the  hard  parts  of  in- 

1444.     VVinfield,  N.  Y.     Oct(^l)er  4,  1885;  10  a.  m.     O.  P.  Hitchmgs. 

Animal   matter.   5  percent.;    vegetable,   5;    grav<'l,  etc.,  85:    indetermin- 
ate, 5. 

Contents. — A  few  bits  of  oats  and  perhai>s  other  grain:  a  mixture  of  finely 
imlverized  vegetable  and  mineral  matter,  forming  a  fine  black  mud;  a 
large  amount  of  sand  and  pebbles;  a  few  fragments  of  instH'ts. 
2564.     Female.     Broadway,  Queens  County,  N.  Y.     Octol)tT  16,  1886;  noon.     Wil- 
liam Dutcher. 

Animal  matter,  18  per  cent.;  vegetable,  75;  gravel,  etc.,  7.  Stomach  well 
tilled. 

Contents. — Remains  of  aconis  or  chestnuts;  remains  of  insects;  gravel,  includ- 
ing manv  bits  of  shell. 
1141.     Adult.     Sing  Sing,  N.Y.     Octol)er  18,  1885.     Dr.  A.  K.  Fisher. 

Animal  matter.  10  per  cent.;  vegetable,  75;  gravel,  etc.,  10;  indeterminate,  5. 
Stomach  well  filled. 

Contoits. — Fragments  of  acorns  or  chestnuts;  about  50  seeds  of  poison  su- 
mach: remains  of  various  insects;  skins  and  pulp  of  a  few  berries. 
151.").     AVatkins,  N.Y.     October  20,  1885;  8.45  a.m.     H.  C.  Griswold. 

Animal  matter,  35  per  cent.;  vegetable,  35;  gravel,  etc.,  50.  Stomach  about 
half  full. 

( V>/</t?/Y.s\— Fragments  of  seeds,  one  of  wliich  appears  to  be  that  of  a  squash  or 
melon:  a  little  unidentifiable  vegetable  matter;  remains  of  insects;  sand 
and  gi'avel. 
3940.     Male.     R(X'kville,  Conn.     October  32,  1886.     H.K.  James. 

Animal  matter,  60  i>er  cent.;  vegetable,  35;  gravel,  etc.,  5.    Stomach  full. 

Contents. — Remains  of  some  large  seed,  possibly  com  or  beans  of  some  kind; 
largo  quantity  of  uisect  remains,  mainly  grasshoppers;  small  (piantity  ot 
gravel,  mostlv  bits  of  quartz,  but  one  fair-sized  garnet. 
1080.     Male.     P:ast  Hartford,  Conn.     Octol^er  32,  1886;  noon.     C.  C.  Hanmer. 

Animal  matter,  2  ix'r  cent.;  vegetable,  96:  gravel,  etc.,  2.     Stomatrh  full. 

Conte)its. — Remains  of  acorns  or  chestnuts  almost  entirely,  and  mainly  with- 
out any  bits  of  shell;  a  small  amount  of  insect  fragments  in  very  small 
l)itH:  a  few  pieces  of  charcoal,  and  a  very  little  sand. 
1460.     :\ralo.     Redford,  Mich.     October  26,  18^1:  *7  a.  m.    (Kilknl  over  corn-field.) 
AVilliam  J.  Muldragh. 

Animal  matter,  0  per  cent.:  vegetable,  99;  gravel,  etc.,  1.  Stomach  about 
half  full. 

Contents. — Mainly  fragments  of  the  pulp  or  flesh  of  some  nut  or  lx?rry.  jx)s- 
sibly  acorns;  2  grape  seeds;  3  small  pebbles,  no  sand;  no  insect  remains; 
no  traces  of  corn. 
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1201.  Male.    Washington,  D.  C.    October  30,  1885;  4  p.  m.    Dr.  C.  Hart  Merriam. 
Animal  matter,  trace;  vegetable,  89  per  cent.;  gravel,  etc.,  5;  indeterminate,  5. 

Stomach  well  filled. 
Cowfcnf 8.— Twenty  or  thirty  kernels  of  corn  in  fragments;  21  stones  of  flow- 
'  tfring  didgmtmoa  {Comus  florida):  125  seeds  of  poison  ivy;  sand  and  gravel, 
and  what  appears  to  be  fine  mud;  no  trace  or  insect  remains. 

1202.  Female.    Washington,  D.  C.    October  30, 1885, 4 p.  m.     Dr.  C.  Hart  Merriam. 
Animal  matter,  1  per  cent.;  vegetable,  94;  gravel,  etc.,  5.    Stomach  full. 
Contents, — ^About  40  seeds  of  Virginia  creei>er  (Ampelopsis  quinquefcdia); 

about  50  seeds  of  grapes  {Vitis),  at  least  2  species;  aoout  20  seeds  of  ]x>i8on 
ivy,  1  of  poison  sumach,  and  30  more  unidentified;  pulps  and  skms  of 
grapes  and  other  fruit;  bits  of  sea-weed,  grass,  and  unrecognizable  vcg- 
etable  matter;  a  few  bits  of  insects ;  sand,  gravel,  2  or  8  bits  of  niollusk 
shell,  and  single,  worn  claw  of  crayfish. 
1260.  Female.  Washington,  D.  C.  November  14,  1885;  11.30  a.  m.  Dr.  A.  K. 
Fisher. 

Animal  matter,  8  per  cent.;  vegetable,  90;  gravel,  etc,  2.    Stomach  full. 

Contents, — Nine  seeds  of  Virginia  creeper  (Ampelopsis);  12  stones  of  flower- 
ing dogwood  (Conms  florida);  fragments  of  about  5  kernels  of  com;  a 
few  hairs  of  a  small  mammal  (probably  mouse):  1  very  small  gasteropod 
shell;  bones  of  the  head  of  a  small  fish;  minute  fragments  of  one  in- 

2301.     Adult.    Washington,  D.  C.    November  7, 1886;  4.30  p.  m.  H.  W.  Henshaw. 

Animal  matter,  10  per  cent.;  vegetable,  65;  gravel,  etc.,  20;  indeterminate,  5, 
Stomach  full. 

Contents, — Remains  of  acorns,  chestnuts,  and  perhaps  other  seeds;  a  single 
grape  seed,  and  some  hulls  of  corn  or  other  grain,  with  much  fine  vege- 
table matter  like  saw-dust;  a  considerable  amount  of  sand  and   graved; 
remains  (fine)  of  manv  insects. 
1709.     Male.     Calhoun,  Ga.     November  28,  1885.     R.  Windsor  Smith. 

Animal  matter,  75  per  cent.;  vegetable,  10;  gravel,  etc.,  15. 

Contents. — Twenty-four  seeds  of  poison  ivy';  a  small  snake,  8  inches  or  more 
in  length;  a  small  snail  (Helix):  1  very  large  spi'Jer :  remains  of  many  in- 
sects, constituting  almost  40  j^er  cent,  of  entire  stomach  contents;  4  or  6 
pebbles  of  the  size  of  kernels  of  corn,  and  some  sand;  a  very  little  unde- 
termined vegetable  matter. 
1518.     Male.  Watkins,  N.  Y.     Decemlx>r  15,  1885;  4  p.  m.     H.  C.  Griswold. 

Animal  matter,  12  i)er  cent.;  vegetable,  63;  gravel,  etc.,  25.     Stomach  fulL 

Contents. — Remains  of  com,  acorns,  or  chestnuts;  some  other  seeds  too  much 
comminuted  to  determine ;  numerous  insect  remains;  large  quantity  of 
gravel. 
4600.    Male.    Rockaway  Beach,  Long  Island,  N.  Y.   December  17, 1885.    Jonathan 
Dwight,  jr. 

Animal  matter,  95  per  cent.;  vegetable,  0;  gravel,  etc., 5.  Stomach  nearly 
empty. 

Contents. — The  animal  matter  of  one  or  more  shell-fish  (apparently  a  mussel 
and  a  barnacle,  as  bits  of  shell  belonging  to  these  are  also  contained);  a 
very  little  sand;  no  insects. 
1269.    Female.    Washington,  D.  C.    December  2,  1885;  4  p.  m.     Dr.  A.  K.  Fisher. 

.\nimal  matter,  1  i)er  cent.;  vegetable,  75;  gravel,  ete.,  20;  indeterminate,  4^ 

Contents. — Fn^ments  of  1  or  2  acorns  or  chestnuts;  large  quantities  of  the 
**  skin  *'  or  hulls  of  grain,  apparenth*  of  kernels  of  corn;  30  seeds  of 
poison  ivy;  large  amount  of  sand  and  gravel;  some  vegetable  fiber  and 
mud;  numerous  but  small  fragments  of  the  hard  parts  of  insects. 

1297.  Female.     Washington,  D.  C.     December  17,  1885;   found  dead.     Dr.  A.K. 

Fisher. 

Animal  matter,  90  percent.;  vegetable,  2;  gravel,  etc.,  8.  Stomach  about 
one-fourth  full. 

Contents. — One  cocoon  of  some  insect,  and  2  smaller  cocoons,  or  egg-bags  of 
spider;  12  or  15  small  fragments  of  much- worn  bone,  ))erhai:w  taken  as 
** gravel;"  a  few  bits  of  vegetable  membrane,  apparently  epidermis  of 
some  grain ;  a  very  small  amount  of  sand  and  gravel. 

1298.  Washington,  D.C.     December  17,  1885;  found  woundeil.     Dr.  A.  K.  Fisher. 
Animal  matter,  5  j>er  cent.;  vegetable,  85;  gravel. etc.,  8;  indeterminate,  2. 
Contents, — Remains  of  3  or  4  kernels  of  com  and  the  hulls  of  many  more;  00 

to  100  seeds  of  common  sumach,  a])parently  Rims  glabra;  fragments  of 
insects;  gravel  and  i^r.nd;  about  2  per  cent,  of  fine  mud-like  material,  not 
determined. 
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1299.  Female.  Washington,  D.  C.  Decembeir  19, 1886;  4-5 p.  m.  Dr.  A.K.  Fiahor. 
Animal  matter,  1  per  cent.;  vegetable,  80;  gravel,  etc,  19.    Stomach  well 

filled. 
Contents.—SeYen  seeds  of  hannless  sumach;  a  large  amount  of  vegetable 
matter,  part  of  which  may  be  bits  of  com,  acorns,  etc.,  but  the  bulk 
seems  more  like  sea-weed;  a  few  fragments  of  the  hard  parts  of  insects; 
a  large  amount  of  gravel  and  fine  sand,  with  2  or  3  Uts  <«  shell. 

1300.  Male.  Washington,  D.  C.  December  19, 1885;  4-5  p.m.  Dr.  A. EL  Fisher. 
Animal  matter,  0  per  cent.;  vegetable,  90;  gravel,  etc.,  10.    Stomach  wcU 

fiUed. 
Contents, — Fragments  of  com;  75  seeds  of  poison  ivy;  60  seeds  of  common 
sumach  and  1  seed  of  grape;  gravel  and  bits  of  coal  and  brick;   no  ki- 
sect  remains 

1301.  Male.  Washington,  D.  C.  December  19, 1885  :  4-5  p.m.  Dr.  A.  K.  Fisher. 
Animal  matter,  trace;  vegetable,  75  per  cent. ;  gravel,  etc. ,  34.    Stomach  well 

fiUed. 
Contents, — **  Mast ''  (i <?.,  acorns,  chestnuts,  and  similar  material),  and  large 
(quantities  of  the  epidermis  of  some  grain,  peiliaps  com;  68  seeds  of  polsoin 
ivy;  large  amount  of  sand,  gravel,  etc.;  minute  fragments  of  insects. 

1302.  Male.  Washington,  D.  C.  December  19, 1886;  4-5  p.m.  Dr.  A.  K.  Fisher. 
Animal  matter,  1  per  cent;  vegetable,  85;  gxavcil,  etc.,  14.    Stomach  wall 

filled. 
Contents, — Fragments  of  many  kernels  of  com,  and  two  entire  kernels;  about 
15  seeds  of  common  sumach;  30  seeds  of  poison  ivv;  sand,  gravel,  and  5 
or  6  good-sized  bits  of  mother-of-pearl;  a  few  small  fragments  of  inseots, 
and  one  insect  nearly  entire. 

1303.  Female.  Washington,  D.  C.  December  19, 1885;  4-5  p.m.  Dr.  A.  K.  Fisher. 
Animal  matter  1  per  cent. ;  vegetable,  94;  gravel,  etc.  5.  Stomach  well  filled. 
Contents. — About  20  whole  kernels  of  com,  and  fragments  of  as  manyiruxe; 

7  seeds  of  grape;  about  60  seeds  of  common  sumach;  5  seeds  of  poison 
ivy;  gravel,  coal,  and  sand;  a  few  remains  of  insects. 

1304.  Male.  Washington,  D.  C.  December  19, 1885;  4-^  p.m.  Dr.  A.  EL  Fisher. 
Animal  matter,  5  per  cent.;  v^;etable,  70;  gravel,  etc., 35.    Stomach  about 

two-thirds  full. 
Contents, — ^About  10  entire  kernels  of  com  (without  skins),  and  as  much 
more  in  fragments;  2  seeds  of  poison  ivy;  gravel,  and  bits  of  coal;  about 
5  per  cent,  of  insect  remains. 

1311.  Male.  Washington,  D.  C.  December  28, 1885;  4r-5  p.m.  Dr.  A.  K.  Fisher. 
Animal  matter,  10  per  cent.;  vegetable,  60;  gravel,  etc.,  80.  Stomach  full. 
Contents. — Particles  of  wheat  or  com,  8  or  ^kernels  in  all;  100  seeds  of  com- 
mon sumach;  remains  of  sea-weeds  and  other  vegetable  matter;  remaixiB 
of  a  few  small  crustaceans  (perhaps  isopods);  fragments  of  miuBel  BheH 
with  parts  of  the  mussel  attached;  minute  pieces  of  insects;  conaideraUle 
sand,  and  many  pebbles. 

1312.  Male.    Washington,  D.  C.    December  28, 1885;  4-5  p.m.    Dr.  A.K.  Fisher. 
Animal  matter,  40  per  cent.;  v^;etable,  50;  gravel,  etc.,  10.    Stomach fulL 
Contents.— One  kernel  of  com  nearly  entire,  pieces  of  aeveral  more,  and  a 

large  amount  of  huUs  and  other  v^;etable  u^bris;  20  or  25  seeds  of  hann- 
less smnach,  apparently  of.  two  spedes;  remains  of  a  small  crab  or  cray- 
fish; 10  or  12  small  bones  of  a  fish;  numeroiui  remains  of  inaecto  (graas- 
hopper  legs,  etc.),  and  pieces  of  myriapods;  sand,  gravel,  and  peblddBi, 
with  1  or  2  bits  of  sheU. 

1313.  Male.  Washington,  D.  C.  December  28, 1885;  4-5  p.m.  H.  W.  Henshaw. 
Animal  matter,  1  percent;  vegetable,  15;  gravel, etc,  70;  indetaiminate,  14. 

Stomach  full. 
Contents,— Seed-i  and  gravel  mainljr,  with  a  little  mud  and  fine  vegetable  ref- 
use; traces  of  insects  in  addition  to  2  or  8  small  beetles  emire;  about 
forty  seeiis  of  conunon  sumach,  and  about  80  of  poison  Ivr;  a  tew  small 
bits  of  some  grain,  in  all  equal  to  abomt  two  kernelB  of  wiieat.  Among 
the  gravel  was  a  small,  worn,  crayfish  daw. 

1314.  Male.  Wasliington,  D.  C.  December  28, 18H85;  4-5  p.  m.  H.  W.  Hensbaw. 
Animal  matter,  10  per  cent.;  vegetable,  60;  gravel,  etc.  80.  Stomach foD. 
Con^en^^.— Pieces  of  com,  perhaps  4  or  5  kemela  in  all;  bits  of  graas,  bnUs, 

vegetable  fiber  of  various  kinds,  and  oonsidenble  fine  "mad,''^ap!pazently 
all  vegetable;  6  or  8  pieces  of  the  carapace  of  a  crayfish;  fhwments  oc 
mussel  shell  {Unio  f);  many  small  boiMB  of  common  mooae  (mt»  nm9' 
cuius),  with  some  of  the  teeth;  many  fnpnentB  of  inueoti»  much  com- 
minuted; sand,  gravel,  charcoal,  and  one  or  two  hnpoEfeot  nail  ahelkk 
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1815.    Male.    Washington,  D.  C.    December  23.  1885;  4-5  p.m.    H.  W.  Henshaw. 

Animal  matter,  1  per  cent.;  vegetable,  97;  gravel,  etc.,  2.  Storaach  well 
filled. 

Contents. — 3klainly  kernels  of  corn  whole  or  in  fragments,  and  the  hulls  of 
same;  bits  of  tlio  sliell  of  acorns  and  a  few  bits  of  the  kernel  of  same;  4 
seeds  of  i)oison  ivy;  1  seed  of  bind- weed,  {Polygonumlf);  about  100  very 
small,  black  seeds;  a  very  few  fragments  of  insects;  a  very  little  gravel 
or  sand. 

1316.  Female.    Washington,  D.  C.    December  23, 1885;  4-5  p.m.    H.  W.  Henshaw. 
Animal  matter,  3  i)ercent.;  vegetable,  72;  gravel,  etc.,  25.    Stomach  about 

lialf  full. 
Contents. — ^^V  few  bits  of  com  and  Imlls  of  same;  pieces  of  grass  and  very 
fine  vegetable  debris,  i)art  of  it  apparently  thi*  shell  of  some  bony  seed; 
4  or  5  small  beetles,  and  minute  portions  of  hard  i>arts  of  others;  sand 
and  gravel;  small  tuft  of  mammal's  hair,  probably  of  cat  or  dog;  frag- 
ments of  one  or  more  legs  of  crayfish;  eight  or  ten  kernels  of  wild  rice 
{Zizania  aqiiatica);  2  unknown  seeds. 

1317.  temale.    Wasliington,  D.  C.    Decemlxn-  23, 1885;  4-5  p.  m.    H.  W.  Henshaw. 
Animal  matter.  2  ix?r  cent.;  vegetable,  83;  gravel,  etc.,  15.    Stomach  about 

three-fourths  full. 

Contents. — Mainly  i>ieces  of  corn  and  hulls  of  same:  123  seeds  of  poison  ivy; 
a  little  fine  vegetable  matter  not  (U^termined;  minute  pieces  of  the  hard 
parts  of  insects;  gravel  and  line  sand  form  about  15  per  cent,  of  the 
entire  contents 
2528.    Male.    Washington,  D.  0.    December  25,  1886.    F.  A.  Lucas. 

Animal  matter,  5  per  ami. ;  vegetable,  50;  gravel,  etc.,  25;  indeterminate,  20. 
Stomach  well  filled. 

Contents. — Remains  of  acorns,  chestnuts,  and  similar  material,  in  small  pieces; 
about  20  per  cent,  of  other  vegetable  material,  similar  in  color,  but  Hke 
fine  mud,  and  probably  part  vegetable  and  imrt  sand;  bones  of  a  small 
fish,  forming  4  or  5  p€»r  cent,  of  contents;  a  single  leg  of  some  insect,  and 
2  or  3  other  minute  insect  fragments;  gravel,  consisting  mainly  of  mother- 
of-pearl  and  fine  sand. 
4117.     Female.    East  Hartford,  Conn.     Deceml)er  15, 1886;  10  a.  m.    C.  C.  Hanmer. 

Animal  matter,  15  per  cent.;  vegetal>le,  60;  gravel,  etc.,  20;  indeterminate,  5. 
Stomach  well  filled. 

Contents. — Remains  of  acorns,  both  shells  and  **  meat;"  a  few  bits  of  thorn- 
apple  (Crat(e{/i(s  ),  but  no  seeds;  bits  of  grass  and  finely  divided  vegetable 
matter ;  a  considerable  amount  of  line,  dark  hair,  probably^  of  mouse ; 
perhai)s  5  per  cent,  of  insect  remains;  a  large  amount  of  pebbles  and 
sand;  about  5  per  cent,  of  fine  **mud"  not  determined. 


RESULTS  IN  DETAIL  OF  THE  EXAMINATION  OF  STOMACHS  OF  THE 

FISH  CROW  {CORVUS  OSSIFRAGUS). 

1382.    Male.    Washington,  D.  C.    March  16,  1886;  4  p.  m.     Dr.  A.  K.  Fisher. 

Animal  matter,  5  i)er  cent.;  vegetable,  93;  gravel,  etc.,  2.    Stomach  full. 

Contents. — Eleven  seeds  of  cat-brier  {Smilnx  glanea):  2  seeds  of  soiu:  gum 
(Ni/ss(i  muliiflora);  a  few  bits  of  corn  and  many  hulls,  together  with  other 
fibrous  vegetable  matter;  2  small  masses  of  animal  fiber,  apparently  flesli 
of  some  mammal;  single  feather,  probably  of  chicken;  a  very  little  sand, 
etc. :  no  insect  remains. 

1333.  Female.     Washington,  D.  C.    March  16,  1886;  4  p.  m.    Dr.  A.  K.  Fisher. 
Animal  matter,  10  per  cent.;  vegetable,  88;  gravel,  etc.,  2.     Stomach  about 

half  full. 
Contents. — Two  or  three  kernels  of  com,  and  hulls  of  more,  with  some  ether 
vegetable  matter:  lx)ne  of  some  mammal  (probably  taken  with  gravel);  2 
or  3  feathers,  kind  not  determined:  among  the  gravel  was  a  bit  of  shell 
(of  Vnio?)  and  several  bits  of  egg-shell  (hen's) ;  no  insects. 

1334.  Female.     Washington, D. C.     March  16,  1886;  4  p.m.     Dr. A.K.Fisher. 
Animal  matter,  08  per  cent. ;  vegetable,  trace:  gravel,  etc.,  2.    Stomach  about 

one-third  full. 
Contents. — A  mass  of  meat  and  sui(»w\s,  doubtless  carrion:  a  very  fevr  snuUl 
bits  of  coal  and  sand,  and  one  or  two  bits  of  egg-shell  (hen's);  a  very  tew 
vegetable  fibers,  perhaps  of  grass;  no  insects. 
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1335.    Male.     Washmgton,  D.  C.     March  16,  1886;  4  p.  m.     Dr.  A.  K.  Fisher. 

Animal  matter,  75  per  cent.;  vegetable,  5;  gravel,  etc.,  20.    Stomach  about 

one-third  full. 
Contents. — Shreds  of  meat,  and  strips  and  small  sheets  of  animal  membrane, 

not  identifiable,  doubtless  carrion;  a  few  bits  of  grass  and  woody  fiber; 

particles  of  sand  and  pebbles,  and  numerous  small  pieces  of  egg-shell 

(hen's),  together  with  iragments  of  a  mussel  shell  (Unio  y),  and  2  small 

bones,  apparently  mammalian,  but  discolored  and  probably  taken  as 

gravel;  no  insects. 
1380.    Washington,  D.  C.     March  16,  1886;  4  p.  m.     Dr.  A.  K.  Fisher. 

Animal  matter,  5  per  cent.;  vegetable,  75;  gravel,  etc.,  5;  indeterminate,  15. 

Stomach  alx)ut  half  full. 
Contents. — Mamly  remuEmts  of  oats  with  the  hulls,  and  com  in  fine  pieces;  a 

little  meat  fiber;  a  few  downy  feathers;  3  or  4  unknown  seeds;  some  sand 

and  ^*avel  and  bits  of  egg-shell  (hen*s);  no  insects. 
G57.     Female,  immature.     Sing  Sing,  N.  Y.     September  10,  1885;  6.30  a.m.     Dr. 

A.  K.  Fisher. 
Animal  matter,  0;  vegetable,  100.    Stomach  half  full. 
Contents. — Fragments  of  oats,  pieces  of  acorns  or  chestnuts;  unrecognizable 

vegetable  matter;  no  traces  of  animal  food, 
2520.     Male.     Washington,  D.  C,  November  1,  1886.     F.  A.  Lucas. 

Animal  matter,  10  per  cent.;  vegetable,  90;  gravel,  etc.,  0.    Stomach  about 

two-thirds  full. 
Contents. — Seeds,  pulp,  and  skins  of  about  20  poke-berries  {Phytolacca  decan- 

dra);  remains  of  two  or  three  grasshoppers,  and  perhaps  other  uisects; 

no  gravel. 
2284.     Male.     Washington,  D.  C,  November  1,  1886;  8  p.  m.     F.  A.  Lucas. 

Animal  matter,  65  i)er  cent. ;  v(?getable,.  30;  gravel,  etc. ,  5.   Stomach  well  filled. 
Contents.— Five  grape  seeds,  pieces  of  grape  skins,  many  fragments  of  grass- 

liopixTs  (and  other  insects  ?),  a  little  sand,  bits  of  egg-shell,  one  scale  from 

shell  of  a  tortoise,  probably  all  taken  as  gravel. 

male.     Washington,  D.  C. ,  November  7, 1886; 


2302.     Female.    Washington,  D.  C. ,  November  7, 1886;  4.30 p.  m.    H.  W.  Henshaw. 

Animal  matter,  85  i^ercent. ;  vegetable,  65;  gravel,  etc.,  0.    Stomach  well  filled. 

Contents. — Seeds  and  skins  or  about  20  small  grapes,  apparently  **  frost 

grapes'*  {Vitis  cordifolia);  about  130  seeds  of  poke-berry  (PAyfoZacca); 

heads,  wings,  and  legs  of  several  grasshoppers;  no  gravel  or  sand  except 

one  small  piece  of  mica. 

2533.     Male.     Washington,  D.  C. ,  November  19, 1886;  9.30  a.  m.    William  Dutcher. 

Animal  matter,  50  per  cent.;  vegetable,  50;  gravel,  etc.,  0.     Stomach  nearly 
empty. 

Contents.— Three  seeds  of  poke-berry  and  one  or  more  skins  of  same;  3  seeds 
of  red  cedar  {Juniperns  virginiana);  no  insect  remains;  no  gravel. 
1310.    Male.     Washington,  U.  C.     December  28, 1885;  4-5  p.  m.    Dr.  A.  K.  Fisher.. 

Animal  matter,  1  ix;r  cent.;  vegetable,  96;  gravel,  etc.,  3.  Stomach  about 
half  full. 
Contents. — Two  or  three  grains  of  wheat,  and  many  fragments  of  this  or 
other  grain:  2  seeds  of  Virginia  juniper;  many  fragments  of  some  black, 
bony  seed,  looking  much  Uke  ground  coffee;  2  or  3  smaU  **  pin  feathers" 
still  inclosed  in  the  sheath  except  at  tip;  many  small  fragments  of  egg- 
shell (hen's);  a  very  little  sand,  and  1  bit  of  stone;  no  trace  of  insect 
remains. 
1315^.    Female.    Washington,  D.  C.    December  25, 1885;  4-5  p.  m.     Dr.  A.  K.  Fisher. 

Animal  matter,  50  per  cent.;  vegetable,  50;  gravel,  ete.,  0. 

Contents.— ^li'^t  (probably  carrion);  8  seeds  of  sour  gum  {Nyssa  multiflora); 
4  seeds  of  fiowering  dogwood,  1  seed  of  grape,  5  seeds  of  hackberry  (Celtia 
occidentalis),  2  unknown  seeds;  no  gravel  or  insect  remains. 

THE  ROSE-BREASTED  GROSBEAK 
{Habia  ludoviciana), 

AN  ENEMY  TO  THE  COLORADO  BEETLE  OR  POTATO  BUG. 

As  early  as  lS7o  Mr.  Henry  H.  Mapes  noted  the  fact  that  the  Rose- 
l)r«'asted  Grosbeak  fed  freely  on  potato  bugs  near  Kalamazoo,  Mich, 
{A)ii,  Naturalld,  vii,  493).     In  the  same  journal,  in  1875,  W,  F. 
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Bundy  made  the  following  statement  with  regard  to  this  habit  of 
the  Grosbeak  nt  Jefferson,  Wis. : 

I  noticed  last  summer  that  groat  numbers  of  tlie  Colorado  potato  beetle  were  de- 
stroyed by  the  Rose-breastod  Groslieaks .  The  farmers  hokl  these  birds  in  great  favor, 
and  are  very  careful  to  prevent  their  destruction.  They  were  so  abundant  in  this 
region  last  summer  as  to  hold  in  check  the  vast  army  of  these  ravagers  of  the  potato 
crop.    {Am,  Naturalist,  ix,  p.  875. ) 

Since  this  time  the  habit  has  boon  noticed  repeatedly  throughout 
the  country,  and  in  1885  reports  of  this  kind  were  received  at  the 
Department  of  Agriculture  from  the  states  of  Connecticut,  Illinois, 
Iowa,  Michigan,  Minnesota,  New  Jersey,  and  New  York. 

In  1886  Prof.  F.  E.  L.  Beal,  formerly  of  Ames,  Iowa,  wrote  as  fol- 
lows: 

The  Rose-breasted  Grosbeak  feeds  upon  the  Colorado  potato  beetle  in  all  its  stages. 
I  observed  this  habit  in  central  Iowa,  and  noticed  that  each  year  it  became  more 

feneral,  the  birds  of  this  si)ecies  seeking  the  potato-field  more  and  more  each  season, 
observed  one  small  field  near  my  house  that  was  much  infested  with  the  beetles, 
but  the  birds  found  it,  and  in  a  few  weeks  I  searched  the  field  but  could  not  dis- 
cover a  single  beetle,  young  or  old. 

From  many  reports  received  since,  we  select  the  following: 
From  M.  R.  Steele,  Decorah,  Iowa: 

As  the  Rose-breasted  Grosbeak  raises  only  one  brood,  and  devours  many  Colorado 
potato  bugs,  which  many  other  birds  do  not  eat,  it  deserves  special  encouragement. 
Farmers  know  its  value. 

From  George  H.  Selover,  Lake  City,  Minn. : 

The  Rose-breasted  Grosbeak  is  thought,  and  witli  reason,  too,  to  be  beneficial  on 
account  of  its  destroying  the  jwtato  bug.  It  is  the  only  bird  I  have  observed  that 
would  come  under  this  head.  It  destroys  the  common  pot:ito  bug  very  extensively; 
so  extensively,  in  fact,  as  to  deserve  the  name  of  *'  Potato-bug  bird  "  given  it  in  so 
many  localities. 

From  E.  M.  Hancock,  Waukon,  Iowa: 

The  Rose-breasted  Grosbeak  has  more  than  made  amends  for  its  i^ea-stealing  by 
its  determined  wai-fare  upon  the  Colorado  potato  beetle,  helping  very  materially  to 
keei)  down  this  pest. 

From  Orville  L.  Larkin,  East  Otto,  N.  Y. : 

I  have  been  observing  thp  habits  of  the  Rose-breasted  Grosbeak  and  would  say 
•that  it  is  a  decided  enemy  of  the  Colorado  beetle,  devouring  both  the  larva  and  the 
mature  beetle,  shucking  the  wings  off  from  tlie  latter  much  as  the  canary  does  the 
hulls  from  bird  seed. 

From  B.  T.  Gault,  Chicago,  111. : 

Tlie  Rose-breasted  Grosbeak  may  be  regarded  as  the  farmer's  friend  on  account 
of  its  fondness  for  the  Colorado  potato  beetle  and  chinch-bug. 

These  reports  show  that  this  bird  already  is  a  valuable  friend  of 
the  farmer  and  is  deserving  of  the  most  careful  protection  and  en- 
couragement. The  little  harm  Avhicli  it  is  known  to  do — solely  the 
destruction  of  a  few  peas,  small  fruits,  and  buds  or  blossoms — is 
trifling  in  comparison  with  the  value  of  its  services  in  the  potato- 
field.  Moreover  it  is  one  of  tlie  most  beautiful  of  all  our  native  birds, 
and  in  addition  to  its  striking  phunagGlias  a  pleasant  warbling  song 
whicli  is  constantly  heard  during  the  nesting  season. 

In  so7ne  of  our  smaller  Eastern  cities  tliis  species  nests  freely  in  the 
shade  trees  and  hedges  along  the  streets,  as  well  as  in  the  gardens  and 
orcliards  about  the  houses;  and  doubtless  in  most  cases  all  that  is 
needed  in  order  to  secure  its  presence  more  generally  is  the  provision 
of  suitable  trees  and  shrubbery  for  nests,  and  the  assurance  that  its 
young  and  eggs  will  not  be  molested. 


REPORT  OF  THE  DIRECTOR  OF  THE  OFFICE  OF 

EXPERIMENT  STATIONS- 


Sir:  I  have  the  honor  to  present  the  report  of  the  Ofl&ce  of  Experi- 
ment Stations. 

As  the  office  was  not  organized  until  October  its  organization,  pre- 
liminary work,  and  plans  thus  far  made  are  all  that  can  be  reported 
upon  at  this  date. 

Respectfully,  • 

W.  O.  Atwater, 

Director. 
Hon.  Norman  J.  Colman, 

Conunissioiwr  of  Agriculture. 


ESTABLISHMENT  AND  FIRST  WORK  OF  THE  OFFICE  OF  EXPBBIKENT 

STATIONS. 

Tlie  report  of  the  Commissioner  of  Agriculture  to  the  President 
has  stated  briefly  the  occasion  for  the  estaolishment  of  this  office,  the 
legislation  regarding  it,  and  the  duties  it  is  properly  called  upon  to 
perform. 

The  Office  of  Experiment  Stations  was  established  October  1, 1888. 
Its  work  thus  far  has  been  mainly  that  of  organization  and  the  col- 
lection of  material  to  be  used  in  future  publications.  Aib  the  outset 
it  put  itself  in  communication  with  the  colleges  and  stations  through- 
out the  country.  One  of  the  first  things  done  was  the  preparatton  of 
an  address  list  of  the  stations,  containing  the  legal  name  of  each,  the 
name  and  titles  of  its  director,  its  location,  and  post-office  address. 
As  many  of  the  stations  were  but  recently  organized,  this  list  could 
not  be  made  sufficiently  accurate  for  pubhcation  until  after  the  con- 
siderable delay  occasioned  by  the  passage  of  numerous  letters  to  and 
fro  between  the  office  and  the  widely  scattered  stations.  This  ad- 
dress list  has  been  supplemented  by  an  organization  list,  contajniog, 
in  addition,  the  name  of  the  college  with  which  each  sta^n  was  con- 
nected, the  name  and  title  of  the  president  or  other  chief  officer  of 
the  college,  the  legal  designation  and  constitution  of  the  gOTeming 
board,  with  the  name  of  each  member,  and  the  name,  titie,  and  work 
of  each  member  of  the  station  staff. 

The  office  has  begun  a  library  of  station  publications,  which  it 
hopes  to  make  not  only  a  complete  collection  of  aU  the  puDlications 
of  the  stations  organized  under  national  autiiority,  but  also  of  all 
those  issued  by  the  stations  previously  established  in  the  United 
States.    A  card  catalogue  of  the  library  is  kept  up  to  date.    I 


538  REPORT   OF   THE   COMMISSIONER   OP   AGRICULTURE. 

have  also  been  taken  toward  the  collection  of  a  general  library  for 
the  use  of  the  office. 

October  12,  a  circular  was  sent  out  to  agricultural  colleges  and  ex- 
periment stations,  asking  for  information  concerning  the  organiza- 
tion, board  of  management,  faculty  or  working  force,  courses  of 
study  or  methods  of  work,  experimental  investigations,  equipment, 
revenue,  meams  for  publishing  results  and  disseminating  informa- 
tion, history,  peculiarities,  and  tendencies  of  each.  The  information 
obtained  in  response  to  this  circular  and  by  an  extensive  supple- 
mentary correspondence  is  being  incorporated  in  a  report  on  agri- 
cultural science  and  education  in  the  United  States  for  the  coming 
Paris  Exposition.  A  considerable  number  of  photographs  illustrat- 
ing the  buildings,  apparatus,  farms,  live-stock,  etc. ,  of  various  col- 
leges and  stations  have  been  collected  to  form  an  exhibit  at  the  same 
exposition. 

Data  regarding  the  history  of  the  general  movement  for  the  pro- 
motion or  agricultural  science  and  education  in  the  United  States 
have  also  been  collected.  A  brief  outline  of  this  history*"  will  be 
published  in  the  Paris  Exposition  report.  It  is  expected  that  the 
work  thus  far  done  in  this  direction  will  be  the  basis  for  a  more  ade- 
quate history  of  this  movement,  to  be  published  by  the  office  as  soon 
as  practicable. 

PUBLICATIONS   CONTEMPLATED. 

Just  what  publications  will  best  meet  the  needs  of  the  stations  on 
the  one  hand,  and  on  the  other  convey  the  fruits  of  their  work  to  the 
public  whom  they  are  intended  to  serve,  experience  must  decide. 

Bulletins  of  two  classes  are  now  being  planned.  In  those  of  the 
one  class,  which  may,  perhaps,  be  called  *' farmers'  bulletins,"  it  is 
the  purpose  to  collate  the  results  of  station  work  bearing  upon  spe- 
cial topics  and  the  teachings  of  other  research,  and  put  the  whole 
into  a  form  so  plain  that  the  intelligent  farmer  will  understand  it. 
so  brief  that  he  will  read  it  through,  and  so  practical  that  he  will 
take  it  to  heart.  Thus,  while  each  station  is  distributing  its  own  re- 
sults to  the  farmers  of  its  own  State,  this  instrumentality  will  help 
the  several  stations  to  be  serviceable  to  the  agriculture  ot  the  whote 
country.  The  bulletins  of  the  other  class,  which  may,  with  like 
propriety,  be  called  "experiment-station  bulletins,''  will  be  intended 
more  especially  for  station  workers  and  others  interested  in  the  more 
abstract  scientific  matters. 

Bulletins  of  both  these  classes  are  begun.  A  series  of  monographs 
on  special  topics  is  also  contemiJated,  in  accordance  with  the  recom- 
mendations of  the  committee  on  station  work  of  the  Association 
of  American  Agricultural  Colleges  and  Experiment  Stations,  pub- 
lished by  the  Department  of  Agriculture  nearly  a  year  ago.  The 
following  imssages  are  from  that  report: 

Tliere  is  a  quite  general  call  for  condensed  statement  of  wliat  is  being  done  by  the 
statioiLs  and  a  numlx^r  wisli  to  know  specifically  in  advance  what  the  others  are  pro- 
posing to  do.  Tlie  desire  for  compilation  of  methods  and  results  of  work  already  done 
m  this  direction  in  this  country,  and  especially  in  Eurojx^  is  earnestly,  though  leas 
freipiently,  expressed,  and  those  who  are  most  familiar  with  that  work  are  the  ones 
w^ho  lay  the  most  stress  on  its  being  made  available  to  our  workers,  in  order  tliat 
they  may  avoid  useless  repetition  of  work  already  done  and  avail  themselves  of 
what  is  known  as  to  what  is  most  needed  to  be  done  and  how  to  do  it. 

In  ent^'ring  upon  the  study  of  a  given  problem  it  ^s  essential  to  know  not  only 
what  lias  alreatiy  been  found  out,  but  in  what  direction  further  inquiry  can  best  be 
prosecuted  and  what  exix3rience  has  to  say  as  to  the  ways  and  means.    This  is,  at 
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the  bottom,  merely  the  assertion  of  the  obvious  principle  that  the  first  condition  of 
siioc^essfiil  research  is  full  knowledge  of  what  lias  been  done. 

Some  of  the  problems  proposed  for  study,  especially  those  in  the  newer  States 
and  Territories,  are  comparatively  new,  but  the  majority  are  of  essentially  the  same 
kinds  tliat  have  been  enga^ng  the  attention  of  experimenters  for  many  years.  Such 
are  those  connected  with  the  chemistry  and  physics  of  the  atmosphere  and  soil;  the 
exliaustion  of  the  soil  and  the  restoration  of  its  fertility  by  tillage  and  manures:  the 
coinjx)siti()n  of  plants  and  their  adaptation  to  different  localities  and  conditions;  the 
feeding  of  animals,  the  production  of  milk,  butter,  and  cheese,  and  other  matters 
connected  with  the  dairy;  the  diseases  of  plants  and  animals,  fruit  culture,  and 
numerous  other  subjects.  To  one  familiar  with  the  history  of  this  sort  of  research 
it  is  interesting  to  note  how  manv  of  the  problems  suggested  for  study  by  the  differ- 
ent stations  are  nearly  or  quite  identical  with  those  with  which  work  of  the  experi- 
ment stations  was  begun  when  the  first  ones  were  founded  over  thirty  years  ago, 
and  liow  large  a  proi)ortion  are  in  fact  the  same  that  have  been  the  object  of  the 
bulk  of  the  study  of  these  and  other  institutions  of  research  in  this  country,  in  Eng- 
land, and  to  a  far  larger  extent  on  tlie  continent  of  Europe,  for  half  a  century. 

A  large  number  of  the  stations  will  necessarily  labor  under  the  disadvantage  of 
inexperience.  In  other  countries  the  growth  of  experiment  stations  has  been  grad- 
ual, and  new  ones  have  been  established  no  faster  than  skilled  experts  were  ready 
to  man  tliem;  but  in  tliLs  country  the  enterprise  is  being  enlarged  suddenly  and  to  an 
extent  previously  unheai'd  of.  The  difficulties  which  the  newer  stations  have  to 
meet  I'vimi  tliis  source  are  enhanced  by  the  fact  that  nearly  all  of  the  accumulated 
experience  is  recorded  in  foreign  literature,  and  accessible  only  to  those  who  have 
at  liand  the  great  accumulation  of  journals  and  other  pubUcations  in  which  the 
results  of  earlier  and  later  research  are  set  forth. 

The  committee  are  strongly  of  the  opinion  that  one  of  the  most  useful  services  to 
tlie  cause  would  consist  in  the  compilation  of  the  main  results  of  this  research  in 
various  special  lines  and  the  putting  of  them  not  only  into  Englisli  but  in  forms 
conveniently  suited  to  the  use  of  the  American  investigators.  Tliis  service  would 
bo  ap|)reciated  as  warmly  by  those  who  have  long  endeavored  to  follow  up  the  liter- 
ature and  are  constantly  and  painfully  reminded  of  their  inability  to  keep  them- 
selves well  posted  in  its  details  iis  by  those  who  have  paid  less  attention  to  tiiem. 

The  form  and  range  which  these  publications  will  most  advan- 
tai^^i^oiisly  assume  must  of  course  be  decided  by  ^experience. 

\Y]u1(^  tlio  object  of  such  monographs  would  be  to  give  the  gist  of 
acounuilatod  exi)erience  upon  specific  topics,  bringing  the  facts  down 
to  the  (lat(^  of  preparation,  accounts  of  current  research  are  likewise 
gi'eatly  uooded.  In  just  what  way  this  need  will  bo  met  it  is  im- 
])]-cicticiible  at  tliis  date  to  say,  but  the  matter  is  receiving  earnest 
considc^'ation. 

WORK   OF  INVESTIGATION. 

Thf^  report  of  the  committee  on  station  work  above  referred  to 
(^()iitain(Ml  tlio  following  statements  suggested  by  extensive  corre- 

s})()ii(leiice  with  stations: 

Tluv  m^h  tlie  communications  from  representatives  of  tlie  stations  alx)ve  cited  there 
runs  the  evident  conviction  of  the  unportance  of  doing  the  kind  of  work  which 
sliall  \)v  most  directly  useful  to  the  farmer.  The  continued  support  of  the  stations 
will  depend  upon  their  success  not  only  in  meeting  the  wants  of  the  agricultural 
public,  but  making  that  public  feel  that  they  do  so. 

With  reference  to  this  matter  the  committee  venture  two  suggestion}^.  One  has 
already  been  urged.  It  is  that  a  ])art  of  tlie  duty  of  the  stations  is  to  teach,  but  to 
teach  on  1  y  wt^ll-attested  and  useful  facts.  By  publishing  information  in  terse,  simple 
laii;z;iiajj:e,  with  appropriate  explanations,  by  attending  farmers'  meetings,  and  de- 
m(»nsti'atini<  in  lectures  and  otherwise  the  things  that  farmers  need  and  desire  to 
k!io\v:  l.y  interestinu:  farmers  in  experimental  work,  and  securing  their  co-opera- 
tion in  earryin;^  it  out.  in  short,  by  djlii^ent  elTort  to  carry  knowledge  to  the  farmer 
and  help  him  witii  it,  and  at  the  siime  time  help  him  to  help  himself,  the  workers 
in  the  stations  will  both  do  their  duty  and  secure  the  support  they  need.  Such  is 
tlu'  experience  of  e:.p"rimentstationsand  airricultural  colleges.  There  is  more  than 
one  of  our  most  su<'eessful  institutions  wliich  would  not  be  in  existence  to-day  if  it 
had  not  done  a  deal  of  faithful  work  of  this  sort. 
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Tlie  otlier  is  that,  wliilo  tlio  stations  aro  under  obligations  to  KeUntt  for  study  the 
questions  of  ininie<liale  practical  interest,  yet  ol'tentinieH  those  which  on  the  surface 
appear  thef)retical  are  at  the  l>otU)ni  the  most  practical.  The  seemingly  simplest 
and  most  pressing  probh.'ms  reach  down  to  the  i)rofoundest  depths  of  abstract  law, 
and  not  infrecpiently  the  i)ractical  intercuts  of  the  farmer  require  the  theoretical 
proljlems  to  l)e  considered  first,  for  the  same  reason  that  the  foundations  of  a  house 
and  not  the  wall  is  the  first  to  be  built. 

Doubtless  it  is  well  that  the  new  stations  should  go  through  more  or  less  of  the 
same  experience  that  the  older  ones  have,  in  commencing  wuth  conci-ete  practical 
qiiestions  and  gradually  w^orking  toward  the  study  of  the  laws  that  underue  them. 
Tliis  will  involve  loss  of  timp,  energy,  and  money,  in  the  sense  that  oftentimes  the 
main  result  of  an  experiment  will  l)C  to  show  the  need  of  studying  a  problem  that 
lies  beneath  it.  But  this  will  not  be  an  entire  loss,  for  such  experiments  often  bring 
valuable  information  even  if  the  goal  is  not  reached,  and  they  are  means  of  show- 
ing the  constituency  of  the  stations  the  need  of  abstract  research.  Indeed  positive 
good  in  many  ways  comes  from  just  such  work  and  exi)erience.  The  wisdom  con- 
sists in  insuring  the  minimum  of  waste. 

It  is  important  to  know  what  fertilizers  will  b(.^  most  profitable  in  New  Jersey  or 
in  Ohio;  what  forage  plants  will  best  withstand  the  colds  of  New  Hampshire  and 
Dakota;  what  fruits  may  be  successfully  grown  in  Iowa  and  Delaware;  now  cotton 
seed  may  Ihj  advantage<^usly  composted  in  Alabama  or  fed  to  stock  in  Mississippi  or 
Texas.  These  anj  local  questions,  and  will  l)e  solved  mainly  by  j)ractical  tests  made 
and  interpreted  in  the  light  of  the  l^st  knowledge. 

It  will  help  farmers  to  know  what  are  the  most  ec^onomical  rations  wherever  cattle 
are  fed  and  th(»  best  ways  of  making  butter  and  che<»se  wherever  there  is  dairying. 
These  questions  involve  more  of  general  laws  and  are  less  affected  by  local  condi- 
tions. 

But  whether  a  given  i)roblem  is  infiuence^l  more  or  less  bv  hnral  circumstances,  it 
is  always  controlled  by  general  law.  The  action  of  fertilizei*s  dei)ends  upon  Uie 
chemistry  and  physics  of  the  soil  and  the  physiology  of  the  plant;  the  ma!king  of 
butter  uixm  the  chemical  and  physical  properties  of  milk;  the  production  of  meat 
and  milk  ujxm  laws  of  nutrition;  and  all  these  projKirties  and  laws  are  still  very 
iniperfectly  understxxKl. 

Unquestlonal>ly  the  stations  ought  to  make  practical  experiments  in  the  study  of 
the  problems  l)efore  them.  But  in  the  long  run,  those  stations  will  do  best  tliat  plan 
their  work  most  philosophically,  and  the  ])rosiHirity  of  the  enterprise  as  a  whole  will 
be  proportione<l  to  its  success  in  the  dis(!overing  of  the  laws  that  underlie  the  right 
practice  of  agi'iculture. 

In  brief,  tlie  ultimate  success  of  tlie  stations  will  (lei)end  upon  the 
discovery  of  pi-inciples.  This  is  accomplished  only  by  ])atient,  pro- 
found, costly  research,  no  small  part  of  wliicli  has  to  do  with  the 
finding  out  of  the  best  methods  ot  investigation  of  special  problems. 
But  while  this  work  is  essential,  the  stations  are  conf rcmted  with  the 
necessity  of  doing  what  will  directly  and  immediately  lielp  the 
farmi^r.  The  n<3ed  and  value  of  absti*act  research  are  not  understood. 
To  show  its  usefulness  and  help  prepare  the  way  tor  the  stations  to 
prosecute  it,  and  at  the  same  time  do  some  of  the  things  that  are 
most  immediately  and  pressingly  needed  in  these  directions,  will  be 
one  of  the  important  ways  in  which  the  Dej^artment  can  aid  the  ex- 
periment station  enterprise. 

GENERAL    STATEMENTS. 

Measures  have  been  undertaken  to  aid  in  the  co-ordinating  of  the 
w(  )rk  of  the  stations  and  to  facilitate  co-ox)eration  wh(»re  that  is  needed. 
Tliese  are  Ix^ing  very  materially  aided  by  the  action  of  the  Associa- 
tion of  American  Agricultural  Colleges  and  Experiment  Stations. 
Of  courses  this  is  one  of  the  most  important  phas(\s  of  the  work  of  the 
Department  in  its  coniKH^titm  with  the  stations,  but  its  successful 
])(»rt'ormauce  involves  no  little  consultation  w4th  the  institutions  in- 
ter(\sted  and  deliberation  in  thc^  laying  of  j^lans  so  that  the  best  ulti- 
mate results  will  come  from  elt'orts  which  may  seem  at  lirst  rather 
tardy  in  their  realization. 
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The  cordial  appreciation  with  wliicli  the  efforts  made  by  this  office 
have  been  received  by  the  stations  an4  colleges,  the  readiness  with 
which  they  liavo  responded  to  its  requests  for  information,  and  the 
oarnestness  with  wliicli  they  have  rallied  to  its  support  are  most  grati- 
fying evidences  of  the  favor  with  which  its  establishment  is  regarded. 
T\w  number  of  inquiries  for  information  and  requests  for  assistance, 
not  only  from  tlie  stations  and  colleges  but  from  other  organizations 
and  from  private  individuals  in  this  and  other  countries,  demonstrate 
most  clearly  its  opi)ortunity  for  usefulness. 

The  following  brief  account  of  the  development  of  the  experiment 
station  movement  in  the  United  States,  prepared  by  Dr.  A.  C.  True, 
of  this  ollice,  from  data  collected  for  the  above-mentioned  report  for 
the  Paris  Exposition,  may  not  be  out  of  place  here: 


ORIGIN   AND   DEVELOPMENT   OF   AGRICULTURAL   EX- 
PERIMENT STATIONS  IN  THE  UNITED  STATES. 

By  A.  C.  True,  Ph.  D. 

In  Iho  Unit(^d  States,  as  in  Europe,  the  first  organized  experimental 
work  in  agricultural  sci(»nce  was  done  in  connection  with  the  higher 
(Mlucational  institutions. 

It  is  believed  that  Yale  College  was  the  first  American  institution 
to  oflicially  recognize  the  claims  of  agricultural  science.  In  184G 
John  P.  Norton  was  appointed  professor  of  agricultural  chemistry 
and  vegetable  and  animal  i)hvsiology.  Professor  Norton  began  his 
lectures  in  1847,  and  during  tlie  ^ve  years  which  intervened  before 
his  (h^ath  he  also  wrote  extensively  for  agricultural  journals,  edited 
an  American  edition  of  *' Stevens  on  the  Farm,"  and  published  a 
work  of  his  own  entitled  '*  Elements  of  Agriculture.''  After  the 
fund  which  had  been  established  by  the  sale  of  the  land-scrip  donated 
to  Connecticut  und(*r  the  act  of  Congress  of  July  2, 18G'-^,nad  been 
j^nven  to  the  Sliellield  Scientific  School  of  Yale  College  in  18G3,  a  pro- 
fessor of  agriculture*  was  added  to  the  working  force  of  that  institu- 
tion. Samuel  W.  Johnson,  M.  A.,  the  successor  of  Professor  Norton 
as  ])i'oressor  of  theoretical  and  agricultural  chemistry,  and  William 
}{.  Brewer,  Pli.  D.,the  professor  of  agriculture,  have  for  many  years 
tak(Mi  an  activi^  interest  in  all  work  for  the  promotion  of  agricult- 
ural science  in  Connecticut  and  elsewhere  m  the  United  States. 
Under  their  direction  experimental  work  for  the  benefit  of  agricult- 
ure was  carried  on  to  a  limited  extent  at  New  Haven  more  than 
twenty  years  ago.  And  it  is  doubtless  safe  to  say  that  "  through 
the  inlluence  of  the  professors  and  pupils  trained  in  this  school,  more 
than  to  any  other  single  cause,  is  due  the  recognition  of  the  impor- 
tance of  the  establishment  of  agricultural  experiment  stations,  first 
in  Connecticut  and  subseepiently  throughout  the  whole  country." 

In  ISTO  the  ])resi(lent  and  fellows  of  harvard  College  began  to  organ- 
ize the  school  of  agriculture  and  horticulture  which  had  been  provided 
for  in  the  will  of  Mr.  Bc^njamin  Bussey,  of  Roxbury,  Mass.  This  inter- 
est ing  document  was  signed  July  30, 1835,  and  was  proved  soon  after 
the  death  of  the  testator  in  1842.  It  bequeathed  half  of  the  income 
of  about  $:)()(), 000.  and  '^OO  acres  of  land  in  Roxbury,  to  the  President 
and  b'ellows  of  Harvard  College,  on  condition  that  they  establish  on 
tiie  farm  *'a  course  of  instruction  in  practical  agi*ioulture,  in  useful 
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and  ornamental  gardening,  in  botany,  and  in  such  other  Y 
of  natural  science  as  may  tend  to  promote  a  knowledge  of  i 
agriculture  and  the  various  arts  subservient  thereto."  C 
other  provisions  of  the  will,  it  was  not  deemed  advisable  to  b 
formation  of  the  Bussey  Institution  earlier  than  1870.  In  t 
year,  the  trustees  of  the  Massachusetts  Society  for  Promol 
riculturo  granted  to  the  corporation  of  Harvard  College  a 
orable  sum  '^for  the  support  of  a  laboratory  and  for  exp< 
in  agricultural  chemistry  to  be  conducted  on  the  Bussey  estai 
laboratory  of  the  new  institution  was  not  ready  for  occupati 
the  last  week  in  1871.  As  soon  as  it  was  completed,  howev^ 
cultural  researches  were  begun  by  F.  H.  Storer,  the  prof ess< 
ricultural  chemistry,  and  his  assistants.  The  first  report  of  w< 
was  presented  to  a  coumiittoe  of  the  trustees  of  the  Massa 
Society  for  Promoting  Agriculture,  December  ;3, 1871.  The 
ments  consisted  of  field  tests  of  fertilizers  upon  the  fair 
institution,  and  chemical  analyses  of  commercial  fertilizers, 
interesting  and  valua])le  work  was  done  in  the  next  few  years 
great  fire  in  Boston,  in  1872,  and  the  commercial  crisis  of  18 
bined  to  crii)i)lethe  institution  financially,  and  it  has  since  li 
to  make  comparatively  few  original  investigations.  Mci 
agricultural  colleges  had  been  organized  in  a  number  of  th 
Michigan  led  the  way  in  18o7,  and  New  York  soon  followed 
ample.  After  the  passage  of  the  land-grant  act  in  1802,  Ka 
Massachusetts  were  the  first  States  to  avail  themselves  of  the 
gift  by  establishing  agricultural  colleges,  and  thereafter  th 
tion  of  these  institutions  proceeded  with  as  much  rapidity  i 
have  been  expected  when  the  country  was  recovering  from  th 
effects  of  the  civil  war.  Exix^rimental  work  in  agriculture 
der taken  in  several  of  these  institutions  s(;on  after  their  c 
tion. 

The  reports  of  the  successful  and  bem^ficial  work  done  in 
ropean  experiment  stations  excited  more  and  more  attentioi 
side  of  the  Atlantic,  and  the  more  advanced  leaders  in  agri 
progress  in  this  country  began  to  ask  for  the  establishment  o; 
institutions  in  the  United  States.  In  1872,  at  a  convention  < 
sentatives  of  agricultural  colleges  held  in  Washington  in 
to  a  call  issued  by  the  Commissioner  of  Agriculture,  the  qu 
the  establishment  of  expenment  stations  was  discusscHl,  an( 
])ort  of  a  committee  in  favor  of  such  institutions  was  adoptc 
"nivention. 

)n  the  17tli  of  December,  1873,  at  the  winter  meeting  of  t 

5oar(l  of  Agriculture,  at  Mcriden,  Conn.,  Professor  Johnsoi 

Sheffield   Scientific    School,  and  Professor   Atwater,  of  V 

Tnivi^''  iity.  urged  the  estal>lishment  of  an  agricultural  experii 

^1    '■     hat  State  after  the  European  x>attern.     A  committe( 

«;iiiM  1  to  consider  the  expediency  of  such  a  movement,  and 

^^o  (lays  later  that  it  was  ''their  unanimous  oj;inion  .that  1 

Connecticut  ought  to  have  an'exporiment  station  as  good  j 

'Md  anywhere,  and  that  the  h^gislatnre  ought  to  furnish  tl 

Is  establishment."     A  perniant*nt  committee  was  then  a 

he  board  to  bring  this  mattiM*  to  the  attention  of  tlie  pi 

e^rislature.     This  c(mimitt(?e  held  meetii^ro  i^  different 

^'  ntroductioi 


»i 


^^tr^o   and  the  following  wint-^^T*  sc't  »' 

-,      '»v^*i>iPnt  S^^^tion,   W.hi^'l         'OVv.vv:. 


•li'l  over  i 

vrr  if.Ji-f." 
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matter  ensued.  The  project  had  many  warm  and  enthusiastic  friends, 
but,  as  might  have  been  expected,  the  great  mass  of  the  farmers  took 
little  interest  in  the  enterprise.  When  it  had  become  apparent  that 
it  could  not  succeed,  Mr.  Orange  Judd,  the  editor  of  tne  American 
Agi-iculturist,  offered  on  his  own  part  $1,000  to  begin  the  under- 
triking,  and  on  the  part  of  the  trustees  of  .Wesleyan  University  at 
]\Iid(llotown  the  free  use  of  the  chemical  laboratory  in  the  Orange 
Judd  Hall  of  Natural  Science,  donated  by  him  to  that  institution. 
These  offers  were  made  on  the  condition  that  the  legislature  should 
appropriate  $2,800  per  annum  for  two  years  for  the  work  of  the  sta- 
tion. It  was  thought  that  if  by  these  means  the'work  of  agricult- 
ural experimentation  could  be  actually  begun  the  usefulness  of  the 
enterprise  would  be  so  clearly  demonstrated  that  it  would  speedily 
be  given  more  generous  and  permanent  support.  An  act  making  the 
ap])ropriation  thus  proposed  was  unanimously  passed  and  approved 
July  2,  1875.  Early  in  October  of  the  same  year  a  chemist  was  on 
tlie  ground,  and  as  soon  as  practicable  two  assistants  were  secured. 
Pr(^f essor  Atwater  was  made  director,  and  thus  the  first  agricultural 
ex})oriment  station  in  America  was  an  accomplished  fact. 

A  consideral)le  amount  of  experimental  work,  chiefly  on  commer- 
cial fertilizers,  was  done  with  the  limited  means  at  the  disposal  of 
this  first  American  agricultural  experiment  station.  At  the  expira- 
tion of  the  two  years  provided  for  in  the  original  bill  the  station 
was  reorganized  under  the  more  direct  control  of  the  State  and  re- 
moved to  New  Haven,  where  it  has  since  been  in  successful  opera- 
tion, first  in  rooms  of  Sheffield  Hall,  free  use  of  which  was  granted 
l)y  the  Sheffield  Scientific  School,  and  later  in  buildings  and  grounds 
in  the  suburbs  of  New  Haven,  for  the  purchase  and  improvement  of 
wliieh  the  legislature  provided  $25,000  in  1§82. 

Tlie  success  which  attended  this  first  attempt  to  establish  an  organ- 
ized exi)eriment  station  in  the  United  States  was  sufficient  to  attract 
the  attention  of  advanced  agriculturists  throughout  the  country,  and 
Mai'ch  12,  1877,  the  State  of  North  Carolina  established  a  similar 
station  at  Chapel  Hill  in  connection  with  the  State  University. 

The  Cornell  University  Experiment  Station  was  organized  m  Feb- 
ruary, 1870,  by  the  faculty  of  agriculture  of  the  University,  as  a 
A'oluntary  organization.  From  that  time  until  the  passage  of  the 
act  of  Congress  of  March  2, 1887,  the  work  was  carried  on  by  the 
different  prof essors  in  time  which  could  be  spared  from  other  studies. 
For  a  part  of  that  time  the  trustees  of  the  University  appropriated 
money  from  tlie  University  funds  to  pay  for  thQ  services  oi  an  analyst 
and  for  the  purchase  of  supplies.  All  the  other  work  was  done  with- 
out c(  nnptMisation.  The  New  Jersey  State  Station,  at  New  Brunswick, 
N.  J.,  was  established  March  18,  1880,  by  an  act  of  the  State  legis- 
lature, and  connected  with  the  Scientific  School  of  Rutgers  College, 
The  movement  grew  in  favor  with  the  people  with  each  succeeding 
year,  and  in  18S()  the  Committee  on  Agriculture,  in  reporting  the 
Hatch  hill  to  the  House,  was  able  to  make  the  following  statements: 

Sincv^  ISSI  tlu^  le^islaturos  of  several  States  have  either  recognized  or  reorganized 
tile  (Irparlincnts  of  :i;;Ti{'ulluro  in  tlio  huid-grant  colleges  as  "  exjx?riment  stations,'' 
tluis  loll()\^-illL,^  ^vJ  istaiitinlly  tlu^  course  adopted  by  New  Jersey.  Such  stations  liaVe 
iK'eii  ostabli-lit'd  in  .Maiiio.  Miiisachusetts.  Oliio,  Tennessee,  Wisconsin.  In  three 
other  Stat-'s  (possi'Dly  inoro),  without  legislative  action,  the  college  authorities  have 
orjiaiiizc  1  iiu*ir  ai^ri'ultural  wt)rlv  a.s  experiment  stations.  Tliis  has  been  done  in 
CalifiHiiia.  ]\iis;()uri.  and  New  York:  but  in  addition  to  the  twelve  experiment  sta- 
tion; specifically  dcsi.i::nated  by  that  name,  a  very  large  number  of  colleges  estab- 
lished untlur  the  act  ol"  1862  are  doing  important  work  of  a  precisely  siuular  kind. 
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Many  of  them  began  such  work  iinmediately  uiwn  their  establishment,  and  have 
maintained  it  continuously;  otliers  have  entered  u]X)n  it  more  recently.  The  col- 
leges in  Colorado,  Indiana,  Kansas,  Michigan,  and  Pennsylvfmia  are  carrying  on 
what  is  strictly  experimentstation  tv'ork  as  a  part  of  tlieir  ordinary  duty. 

The  convention  of  delegates  of  agricultural  colleges,  wliich  met 
at  Wixsliington  in  J  883,  discussed  and  indorsed  tlie  project  for  the 
establishment  of  stations  in  connection  with  the  colleges  by  ap- 
pro^jriations  from  the  national  Treasury,  in  accordance  with  the 
terms  of  a  bill  already  introduced  in  the  House  of  Representatives 
by  C.  C.  Carpenter,  ot  Iowa.  Congress,  however,  was  not  yet  quite 
ready  to  undertake  so  large  a  scientific  enterprise  in  this  direction, 
and  the  bill  was  not  put  upon  its  passage.  Meanwhile,  the  number 
of  stations  was  steadily  increasing,  and  the  interest  of  practical 
farmers,  as  well  as  men  of  science,  was  more  and  more  excited  by 
the  reports  of  the  results  of  the  experiments  wliich  the  stations  had 
completed.  On  the  8tli  of  July,  1885,  a  convention  of  agricultural 
colleges  and  experiment  stations  met  at  the  Department  of  Agricult- 
ure at  Washington  in  response  to  a  call  issued  by  the  Commissioner 
of  Agriculture.  Almost  the  first  thing  which  this  convention  did 
was  to  pass  a  resolution — 

Tliat  the  condition  and  progress  of  American  agriculture  re<iuire  national  aid  for 
the  investiga-tion  and  exi)erimentation  in  the  several  States  and  Territories:  and 
tliat,  therefore,  this  convention  approves  the  j)rinciple  and  general  pro^'isions  of 
what  is  known  as  the  Cullen  bill  of  the  last  Congress,  and  urges  upc^n  the  next  Con- 
gress the  passage  of  this  or  a  similar  act. 

(The  "  Cullen  bill "  was  in  its  general  provisions  similar  to  the  bill 
afterwards  passed  by  Congress  and  now  known  as  the  Hatch  act.) 

So  earnest  was  the  convention  in  this  matter  that  it  appointed  a 
committee  on  legislation,  which  was  very  efficient  in  securing  the 
passage  of  the  amended  bill. 

In  a  later  session  the  convention  passed  resolutions  nireing  the 
creation  of  a  branch  of  the  Department  of  Agriculture  wliicYi  should 
be  a  special  medium  of  intercommunication  and  exchange  between 
the  colleges  and  stations,  and^which  should  publish  a  i>eriodical  bul- 
letin of  agricultural  progress,  containing  in  a  popular  form  the  lat-est 
results  in  the  progress  of  agricultural  education,  investigation,  and 
experimentation  in  this  and  in  all  countries.  Provision  was  also 
made  for  a  permanent  organization  by  the  api)ointment  of  a  ,com- 
mittee  to  co-operate  with  the  Commissioner  of  Agriculture  m  deter- 
mining the  time  of  meeting  and  the  business  of  the  next  convention, 
and  in  forming  a  plan  for  a  permanent  organization. 

At  the  next  session  of  Congress  the  experiment-station  enterprise 
was  again  called  to  tlie  attention  of  the  House  of  Representatives  hj 
the  bill  which  was  introduced  by  William  H.  Hatch,  of  Missouri, 
and  referred  to  the  Committee  on  Agriculture.  This  committee 
made  a  favorable  reijort  March  o,  1880,  and  nearly  a  year  later  the 
])ill  was  passed  by  Congress,  and  approved  by  President  Cleveland, 
March  2,  1887. 

Ac(!ordiiig  to  the  official  interi)retation  of  the  act  establishing  the 
stations  they  were  unable  to  draw  the  appropriation  contemplated  in 
that  act  until  after  the  passage  of  a  sui)plementary  act,  v/iiich  was 
approved  February  1,  1888.  This  financial  difficulty  delayed  the 
establishment  of  the  stations  in  many  of  the  States.  At  the  present 
time,  however,  experiment  stations  are  organized  in  all  the  States 
and  in  the  Territory  of  Dakota.  In  several  States  more  than  one 
station  has  been  organized,  and  in  some  States  there  are  several 
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branch  stations  under  one  management.  Counting  these  latter  as 
single  stations  the  total  number  at  present  is  forty-six,  but  counting 
tho  iiraneh  stations  separately  the  total  number  is  more  than  fifty. 

Tlio  following  table  sliows  the  number  of  separate  stations  and 
the  number  of  tJie  working  force  employed  in  each  station,  and  also 
the  sources  and  amount  of  the  income  which  each  station  receives 
(;us  far  as  these  facts  have  been  reported  to  this  office): 

Tabic  s7iOfCiHij  Uic  ir.imbi'r  of  oMeers  composing  the  Slatioii  Slaffaoftlte  Agriculttiral 
Krtteriiiieal  Stalimia  in  the  united  Slates,  and  Ike  refenu^sof  tkose  Stations  for 
tiu'fuwal  year  ending  June  30,  1839,  from  the  United  States  mtder  the  act  of  Con- 
gress of  Jlnmh  ^,  iaS7,/ro»«  (Ac  eeveral  Stales  and  from  other  sources. 
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A  complete  report  of  tho  financial  condition  of  the  stations  would 
undoubtedly  increase  this  amonnt  by  several  tliousaml  dollars,  so 
that  it  is  safe  to  say  that  the  total  amount  which  will  be  expended 
by  the  stations  during  the  current  year  will  reach  $W5,(JflO. 

Most  of  the  now  stations  are  in  actual  operation.  Bulletins  have 
been  published  giving  accounts  of  organization,  and  of  osperimentaJ 
and  other  work.  The  investigations  cover  a  wide  range  of  topics, 
and  the  stations  liave  in  nearly  all  cases  manifested  their  wisdom  by  . 
directing  their  investigations  towards  tho  solution  of  questions  of 
special  interest  to  the  localities  in  which  tliey  are  situated,  without 
neglecting  subjects  of  more  general  interest  and  wider  application. 

Un  tho  18th  of  October,  18S7,  tho  second  convention  of  Agricultural 
Colleges  and  Experiment  Stations  ciuivoned  at  Washington.  A  per- 
manent organization  was  effected,  and  tlie  association  was  named 
"  Tlio  Association  of  American  Agricultural  Colleges  and  Experiment 
Stations."  George  W.  Atlierton,  LL,  D.,  president  of  the  Pennsyl- 
vania State  College,  was  elected  president  of  the  association.  This 
convention  was  deeply  interested  in  securing  the  co-ordination  of  the 
work  of  the  several  stations  and  indorsed  the  action  of  previous  con- 
ventions in  urging  tho  establishment  of  a  central  office  to  be  a  medium 
of  intercoinniunication  bctwocn  the  stations.  As  the  result  of  tho 
efforts  of  this  association,  acting  in  harmony  with  the  Commissioner 
of  Agriculture,  such  an  office  was  provided  for  in  the  annual  appro- 
priation bill  for  the  Department  of  Agriculture  for  tho  fiscal  year 
ending  June  :HK  1HS:>.' 

Section  0  of  the  act  of  March  3,  18S7,  iirovides— 

That  ill  orrtiT  to  secure,  as  far  as  prac licnble,  uniformity  of  methods  and  rosults 
in  tlio  work  of  saiil  slatioHM.  it  Hliall  tie  tlif  duly  of  the  Uiiit^'il  States  Comniisnioner 
of  AETiRiilture  to  funiisli  forms,  as  far  as  practicabhi.  for  the  tabulation  of  results 
of  inv<'sti},'ntion  or  pxpfrinii'nts;  to  indicate!  from  tiiiii>  lo  tiiiio  such  lines  of  Inquiry 
an  to  liim  bhiztll  aeeiu  ino.st  important:  and.  in  Reneral,  to  furnish  such  advice  and 
aatuatanco  as  will  l^est  promote  the  purposes  of  this  act.    It  ahall  be  the  dutj'  of  eexsh 
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said  station,  annually,  on  or  lx>fore  the  1st  day  of  February,  to  make  to  the  governor 
of  tlio  State  or  Territory  in  wliich  it  is  located  a  full  and  detailed  report  of  it«  oj:)era- 
tions,  including  a  stiitement  of  receipts  and  expenditures,  a  copy  of  which  report 
shall  be  sent  to  each  of  said  stations,  to  the  said  Commissioner  of  Agriculture,  and 
to  the  Secretary  of  tlie  Treasury  of  the  United  States. 

The  act  of  July  18,  1888,  appropriates  $10,000— 

Payable  uiK)n  the  order  of  the  Commissioner  of  Agriculture,  to  enable  him  to 
carry  out  the  provisions  of  section  3  of  said  act  of  March  2,  1887,  and  to  compare, 
edit,  and  publish  such  of  the  results  of  the  experiments  made  under  section  2  of 
said  act  by  said  experiment  stations  as  Jie  may  deem  necessary;  and  for  these  pur- 
poses the  Commissioner  of  Agriculture  is  authorized  to  employ  such  assistants, 
clerks,  and  other  i>ersons  as  he  may  deem  necessary. 

To  carry  out  these  provisions  the  Commissioner  of  Agriculture,  as 
has  already  been  stated,  instituted,  in  October,  1888,  an  Office  of  Ex- 
periment Stations  as  a  special  branch  of  the  Department  of  Agriculture 
and  appointed  a  director  at  its  head. 


LIST  OF  AGRICULTURAL   EXPERIMENT  STATIONS  IN  THE   UNITED 

STATES. 

ALABAMA. 

Agricultural  Experiment  Station  of  the  Agricultural  and  Mechanical 

College  of  Alabama. 

Department  of  the  Agricultural  and  Mechanical  College  of  Alabama. 

W.  L.  Broun,  LL.  D.,  President. 

Location  of  station.  Auburn.     Director,  J.  S.  Newman. 
Organized  by  State  June  1,  1883;  reorganized  April  1,  1888. 

CanebrXke  Agricultural  Experiment  Station. 

Department  of  Agricultural  and  Mechanical  College  of  Alabama. 

W.  L.  Broun,  LL.  D.,  President. 

Location  of  station.  Union  town.     Director,  J.  S.  Newman.    Assistant  director  in 
charge,  W.  H.  Newman,  M.  Sc.  • 

Organ ize<l  by  State  in  1885. 

ARKANSAS. 

Arkansas  Agricultural  Experiment  Station. 

Department  of  Arkansas  Industrial  University. 

E.  H.  Murfee,  LIj.  D.,  President. 

Location  of  station,  Favottoville.     Director,  A.E.  Menke,  D.  Sc. 

OrganiztMl ,  1H88.' 

Substations  at  Pine  Hlutf,  Newport,  and  Texarkana. 

CALIFORNIA. 

AciiuciLTuitAL  Experiment  Station  of  the  University  of  Californla.. 

Dei)artment  of  the  University  of  California. 

Horace  Davis,  A.  B.,  President. 

Location  of  station,  I^Tkeley.     Director,  E.  W.  Hilgard,  Ph.D.,  LL.D. 
()r;;aniz('d  by  University  of  California  in  18TC;  reorganized  March,  1888. 
Substations  at  Jackson,  Amador  County;  Paso  Robles,  San  Luis  Obispo  Coimtv: 
and  Tulare  Citv. 
GrajKi  culture  stations  at  Cupertino,  Fresno,  and  Mission  San  Jo66« 
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COLORADO. 

Agricultural  Experiment  Station  of  Colorado. 

Department  of  the  State  Agricultural  College. 

Charles  L.  IngersoU,  M.  S.,  President. 

Location  of  station,  Fort  Collins.    Director,  Charles  L.  IngersoU,  M.S 
Orcjanized  February  31, 1888. 
Substations  at  Del  Norte  and  Rocky  Ford. 

CONNECTICUT. 

The  Connecticut  Agricultural  Experiment  Station. 

Location  of  station,  New  Haven.     Director,  Samuel  W.  Johnson,  M.  A. 
Organized  by  State  at  Middletown,  October  1,  1«75;  removed  to  New  Haven  in 
1877;  reorganized  May  18,  1887. 

Storrs  School  Agricultural  Experiment  Station. 

Department  of  Storrs  Agricultural  School. 

B.  F.  Koons,  Ph.  D.,  Principal. 

Location  of  station,  Storrs,  Tolland  County.    Director,  W.  O.  Atwater,  Ph.  D. 
Organized  March  29, 1888. 

DAKOTA. 

Dakota  Agricultural  Experiment  Station. 
Department  of  Dakota  Agricultural  College. 
Lewis  McLouth,  Ph.  D. ,  President. 

m 

Location  of  station,  Brookings.     Director,  Lewis  McLouth.  Ph.  D. 
Organized ,  1888. 

DELAWARE. 

The  Delaware  College  Agricultural  Experiment  Station. 

Department  of  Delaware  College, 

A.  N.  Raub,  Ph.  D.,  President. 

Location  of  station,  Newark.     Director,  Arthur  T.  Neale,  Ph.  D. 
Organized  May,  1888. 

FLORIDA. 

Agricultural  Experiment  Station  of  Florida. 

Depcirtment  of  the  Florida  State  Agricultural  and  Meclianical  College. 

F.  L.  Kern,  M.  A.,  President. 

Location  of  station.  Lake  City.     Director,  Rev.  J.  P.  Do  Pass. 
Organized ,  1888. 

GEORGIA. 

Georgia  Agricultural  Experiment  Station. 

Department  of  State  College  of  Agriculture  and  Mechanic  Arts,  University  of 

Georgia. 

Rev.  William  E.  Boggs,  D.  D.,  Chancellor. 

Location  of  station,  Athens.     Director,  W.  L.  Jones,  M,  D. 
Organized ,  1888. 
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ILLINOIS. 

Agricultural  Experiment  Station  of  the  University  of  Illinois. 

Department  of  the  University  of  Illinoii^. 

Selim  H.  Peabody,  Ph.  D.,  LL.  D.,  Regent. 

Location  of  station.  Champaign.     Director,  Selim  H.  Peabody,  Ph.  D.,  LL.  D. 
Organized  April  1,  1888. 

INDIANA. 

Agricultural  Experiment  Station  of  Indiana, 

Department  of  Pm'due  University. 

James  H.  Smart,  LL.  D.,  PresMent. 

Location  of  station.  La  Fayette.     Director,  Horace  E.  Stockbridge,  Ph.  D. 
Organized  July  1,  1887. 

IOWA. 

Iowa  Agricultural  Experiment  Station. 

Department  of  Iowa  State  College  of  Agriculture  and  Mechanic  Arts. 

W.  I.  Chamberlain,  LL.  D.,  President. 

Location  of  station.  Amos.     Director,  R.  P.  Speer. 
Organized  February  17,  1888. 

KANSAS. 

Kansas  Agricultural  Experiment  Station. 

Department  of  Kansas  State  Agricultural  College. 

George  T.  Fairchild,  A.  M.,  President. 

Location  of  station,  Manhattan.     Director,  E.M.Shelton,  M.Sc. 
Organized  February  8,  1888. 

KENTUCKY. 

Kentucky  Agricultural  Experiment  Station. 

Deixittment  of  the  Agricultural  and  Mechanical  College  of  Kentucky. 

James  K.  Patterson,  Ph.  D.,  President. 

Ix)cation  of  sti^tion,  Lexington.     Director,  M.  A.  Scovell,  M.  S. 
Organized  by  trustees  of  college  September,  1885;  reorganized  by  State  April, 
1886;  reorganized ,  1888. 

LOUISIANA. 

No.  1.  Sugar  Experiment  Station,  Kenner. 

No.  2.  State  Experiment  Station,  Baton  Rouge. 

No.  3.  North  Louisiana  Experiment  Station,  Calhoun. 

Depart  incnt  of  Louisiana  State  University  and  Agricultural  and  Mechanical  College. 

Col.  J.  W.  Nicholson,  President. 

Location  of  stiitions:  No.  1,  Kenner;  No.  2,  Baton  Rouge;  No.  3,  Calhoun.     Di 
rector,  William  C.  Stubbs,  Ph.  D. 

No.  1.  Organized  by  Sugar  Planters'  Association,  October,  1885. 
No.  2.  Organized  by  State  Bureau  of  Agriculture,  January,  1886. 
No.  3.  Organized  April,  1888. 
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MAINE. 

Maine  State  Colleqb  Aqricultural  Expbrimsnt  Station. 

Department  of  State  CJollege  of  Agriculture  and  the  Mechanic  Arts. 

Merritt  C.  Femald)  Ph.  D.,  President. 

Location  of  station,  Orono.    Director »  Whitman  H.  Jordan,  M.  S. 
Organized  by  State  March  3,  1885;  reorganized  October  1,  1887. 

MARYLAND. 

Maryland  Agricultural  Experiment  Station. 

Department  of  Maryland  Agricultural  CJollege. 

Henry  E.  Alvord,  C.  E.,  President. 

Location  of  station,  Agricultural  College  P.  O.     Director,  Henry  E.  Alvord,  C.  E. 
Organized  March  9,  1888. 

MASSACHUSETTS. 

Massachusetts  State  Agricultural  Experiment  Station. 

Location  of  station,  Amherst.    Director,  Charles  A.  Goessmann,  Ph.  D. 
Organized  by  State  July,  1883;  reorganized  March,  1888. 

Hatch  Experiment  Station  of  the  Massachusetts  Agricultural  Coluege. 

Dei)artment  of  the  Massachusetts  Agricultural  College. 
Henry  H.  Goodell,  M.  A.,  President. 

Location  of  station,  Amherst.     Director,  Henry  H.  Goodell,  M.  A. 
Organized  JSIarch  2,  1888. 

MICHIGAN. 

Experiment  Station  of  Michigan  Agricultural  Collbgb. 

Department  of  Michigan  Agricultural  College 

Edwin  Willits,  M.  A. ,  President. 

relocation  of  station,  Agricultural  College.    Director,  Edwin  Willits,  M.  A. 
Organized  Febniary  21,  1888. 

MINNESOTA. 

Agricultural  Experiment  Station  of  the  University  of  Minnesota. 

Department  of  the  University  of  Minnesota. 

Cyrus  Northrop,  LL.  D.,  President. 

Location  of  station,  St.  Anthony  Park.    Director,  Edward  D.  Porter,  Ph.  D. 
Organized ,  1888. 

MISSISSIPPI. 

Mississippi  Agricultural  Experiment  Station. 

Department  of  Mississippi  State  Agricultural  College. 

General  S.  D.  Lee,  President. 

Location  of  station.  Agricultural  College.    Director,  S.  M.  Tracy,  M«  8.    .. 
Organized  February  1,  1888. 
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MISSOURI. 

Missouri  Agricultural  Experiment  Station. 

Department  of  Missouri  Agricultural  College. 

J.  W.  Sanborn,  B.  S. ,  Dean. 

L<K^ation  of  station,  Columbia.     Director,  J.W.Sanborn,  B. S. 
Organized  January  2,  1888. 

NEBRASKA. 

Aqricultural  Experihsnt  Station  of  Nebraska. 

Department  of  University  of  Nebraska. 

Irving  J. Manatt,  Ph.D.,  LL. D.,  Chancellor. 

Location  of  station,  Lincoln.    Director,  Charles  E. Bessey,  Ph.D. 
Organized  July  1 ,  1887. 

NEVADA. 

Nevada  State  Agricultural  Station. 

Department  of  Nevada  State  Univorsity. 

LeRoy  D.  Brown,  Ph.  D. ,  President. 

Ijocation  of  station,  Rono.     Director,  LeRoy  D.  Brown,  Ph.  D. 
Orgiinized  January  2,  1888. 

NEW  HAMPSHIRE. 
New  Hampshire  Agricultural  Experiment  Station. 
Department  of  New  Hampshire  College  of  Agriculture  and  the  Mechanio  Arts. 

Charles  H.  Pettee,  C.  E.,  Dean. 

Jjocation  of  station,  Hanover.    Director,  G.  H.  Whitcher,  B.  S. 

Organized ,  1888. 

NEW  JERSEY. 

New  Jersey  State  Agricultural  Experiment  Station. 

Jjocation  of  station  (at  Rutgers  College),  New  Brunswick.     Director,  Greorge  H. 
Cook.  LL.D. 
Organized  by  State  March  18,  1880. 

New  Jersey  Agricultural  College  Experiment  Station. 

Department  of  Rutgers  College. 

Morrill  Edwards  Gates,  Ph.  D.,  LL.  D.,  L.  H.  D.,  President. 

Location  of  station.  New  Brunswick.     Director,  Gteorge  H.  Cook,  LL.  D. 

Organized ,  1888. 

NEW  YORK. 
New  York  Agricultural  Experiment  Station. 

Lo(\ation  of  sUition,  Geneva.     Director,  Peter  Collier,  Ph.D. 

Organized  by  State  March  1,  1883. 

c^)RNi:ij.  University  Agricultural  EIxpsrimsnt  Station. 

Department  of  Cornell  University. 

Charles  K.  Adams,  LL.  D.,  President. 

Location  of  station,  Ithaca.     Director,  Isaac  Phillips  Roberts,  M.  Agr. 
Organisiid  by  Faculty  of  Agriculture  February,  1879;  reorganised  October  85, 
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NORTH  CAROLINA. 

North  Carouna  Agricultural  Experiment  Station. 

Location  of  station,  Raleigh.    Director,  H.  B.  Battle,  Ph.  D. 
Organized  by  State  March  13,  1877;  reorganized ,  1887. 

OHIO. 

Ohio  Agricultural  Experiment  Station. 

Location  of  station,  Columbus.    Director,  Charles  E.  Thome. 
Oi^ganized  by  State  April  25,  1883;  reorganized  April  3,  1888. 

OREGON. 

Oregon  Experiment  Station. 

Department  of  Oregon  State  Agricultural  College. 

B.  L.  Arnold,  A.  M.,  President. 

Location  of  station,  Corvallis.    Director,  E.  Grimm,  B.  Sc. 
Organized  March,  1888. 

PENNSYLVANIA. 

The  Pennsylvania  State  Qpllege  Agricultural  Experiment  Station. 

Department  of  the  Pennsylvania  State  College. 

George  W.  Atherton,  LL.  D.,  President. 

Location  of  station,  State  College,  Centre 'County.   Director,  H.  P.  Armsby,  Ph.  D. 
Organized  Jime  80,  1887. 

RHODE  ISLAND. 

Rhode  Island  State  Agricultural  Experiment  Station. 

Department  of  Rhode  Island  State  Agricultural  School. 

Charles  O.  Flagg,  B.  S.,  President  Board  of  IVianagers. 

Location  of  station,  Kingston.    Director  pro  tern. ,  Charles  O.  Flagg,  B.  S. 
Organized  March  33,  1888. 

SOUTH  CAROLINA. 

South  Carolina  Agricultural  Experiment  Station. 

Dei)artmont  of  the  University  of  South  Carolina. 

John  M.  McBryde,  Ph.D.,  LL.D.,  President. 

Location  of  station,  Columbia.    Director,  John  M.  McBryde,  Ph.D.,  LL.D. 
Organized  January,  1888;  consolidated  in  March,  1888,  with  station  established 
by  State  in  September,  1887. 

TENNESSEE. 

Tennessee  Agricultural  Experiment  Station. 

Department  of  the  University  of  Tennessee. 

Charles  W.  Dabney,  jr.,  Ph.D.,  President. 

Location  of  station,  Knoxvillo.    Director,  Charles  W.  Dabney,  jr.,  Ph.  D. 
Organized  by  trustees  of  the  University  June  8,  1883;  reorganized,  1887. 
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TEXAS. 

Texas  Agricultural  Experiment  Station. 

Department  of  Agricultural  and  Mechanical  College  of  Texas. 

L.  L.  Mclnnis,  M.  A.,  Chairman  of  Faculty. 

Location  of  station,  College  Station.     Director,  F.  A.  GuUey,  M.  Sc. 
Organized  January  25,  1888. 

VERMONT. 

Vermont  State  Agricultural  Experiment  Station. 

Department  of  University  of  Vermont. 

Matthew  Henry  Buckham,  D.  D.,  President. 

I^ocation  of  station,  Burlington.     Director,  W.  W.  Cooke,  M.  A. 
Organized  by  State  December,  1886. 

VIRGINIA. 

Virginia  Agricultural  Experiment  Station. 

Department  of  Virginia  Agricultural  and  Mechanical  College. 

L.  L.  Lomax,  President. 

Location  of  station,  Blacksburg.    Director,  William  Ballard  Preston. 
Organized  in  May,  1888. 

WEST  VIRGINIA. 

West  Virginia  Experiment  Station. 

Department  of  West  Virginia  University. 

E.  M.  Turner,  LL.  D.,  President. 

L(K*ation  of  station,  Morgantown.    Director,  John  A.  Myers,  A.  M. 

Organized ,  1888. 

WISCONSIN. 

Agricultural  Experiment  Station  op  the  University  of  Wisconsin. 

Department  of  University  of  Wisconsin, 

T.  C.  Chamberlin,  LL.  D.,  President. 

Location  of  station,  Madison.     Director,  W.  A.  Henry,  B.  Agr. 
Organized  by  State  October  1,  1883;  reorganized ,  1888. 


LIST  OF  AGRICULTURAL  COLLEGES  IN  THE  UNITED  STATES, 

ALABAMA. 

Agricultural  and  Mechanical  College. 

Alabama  Polytechnic  Institute. 

IxKiition,  Auburn.     President,  William  Le  Roy  Broun,  M.A.,  LL.  D. 

Organized  by  State  March,  1872. 

ARKANSAS. 

Arkansas  Industrial  University. 

Location,  Favctteville.     President,  Edward  Hunter  Murfee,  A.  M.,  LL.  D. 
Organized  by  State  March  27,  1871. 
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CALIFORNIA. 
College  op  AaRicuLTURE  op  the  University  op  Caupornia. 

^ 

Location,  Berkeley.    President,  Horace  Davis,  A.  B. 
Dean,  Irving  Stringham,  Ph.D. 
Organized  by  State  March  23,  1868. 

COLORADO. 

State  Agricultural  College  of  Colorado. 

Location,  Fort  CoUins.    President,  Charles  L.  IngersoU,  M.  S. 
Organized  by  State  March,  1877. 

CONNECTICUT. 

Sheppibld  Scientific  School  of  Yale  University. 

Location,  New  Haven.    Pi*esident,  Timothy  Dwight,  D.  D.,  LL.  D. 
Director,  George  J.  Brush,  LL.  D. 
Organized  in  1847;  reorganized  in  1860. 

Storrs  Agricultural  School. 

Location,  Mansfield.    Principal,  B.  F.  Koons,  A.  M.,  PIi.  D. 
Organized  by  State  in  1881. 

DAKOTA. 

Dakota  Agricultural  College. 

Location,  Brookings.   President,  Lewis  McLouth,  A.  M.,  Pli.D. 
Organized  by  State  in  1884. 

DELAWARE. 

Delaware  College. 

Location,  Newark.     President,  Albert  N.Raub,  A.  M.,  Ph.  D. 
Organizeil  by  State  in  1834;  reorganized  in  1851  and  1871. 

FLORIDA. 
Florida  State  Agricultural  and  Mechanical  College. 

Location,  Lake  City.  President,  F.  L.  Kern. 
Organized  by  State  in  1884. 

GEORGIA. 

Georgia  State  College  op  Agriculture  and  Mechanic  Arts  of  the  Uni- 
versity OP  Georgia. 

Location,  Athens.    Chancellor,  William  E.  Boggs,  D.  D. 
Organized  in  1872. 

Southwest  Georgla  Agricultural  College. 

Location,  Cuthbert.     President,  Benjamm  T.  Hunter,  A.  M. 
Organized  in  1879. 

North  Georgia  Agricultural  College. 

Location,  Dahlonega.     President,  William  S.  Basinger,  A.  M. 
Organized  in  1873. 

Middle  Georgia  Military  and  Agricultural  College. 

Location,  Milledgoville.     President,  D.  II.  Hill,  LL.  D. 
Organized  in  1880. 

South  Georgia  Agricultural  College. 

Location,  Tliomasville.    President,  G.  M.  Love  joy. 
Organized  in  1879. 


EXPERIMENT   STATIONS.  555 

ILLINOIS. 

College  of  Agriculture  op  the  University  op  Ilt^inois. 

Location,  Urbana.     Regent,  Selim  H.  Peabody,  Ph.  D.,  LL.  D. 
Dean,  Cxeorge  E.  Morrow,  A.  M. 
Organiz(»d  by  State  FebiTiary,  1867. 

INDIANA. 

The  School  of  Agriculture,  Horticulture,  and  Veterinary  Science  op 

Purdue  University. 

Location,  La  Fayette.     President,  James  H.  Smart,  LL.D. 
Organized  by  State  August  26,  1873. 

IOWA. 

Iowa  State  College  of  Agriculture  and  Mechanic  Arts. 

Location,  Auies.     President,  W.  I.  Chamberlain,  LL.  D. 
Organized  by  State  in  1838;  opened  for  students  October  21,  1868. 

KANSAS. 

Kansas  State  Agricultural  College. 

LcK'ation,  Manliattan.     President,  George  T.  Fairchild,  A.  M. 
Organized  by  State  March  8,  1863. 

KENTUCKY. 

Agricultural  and  Mechanical  College  of  Kentucky. 

Location,  Lexington.     President,  James  K.  Patterson,  Ph.  IX 
Organized  by  State  in  1865;  reorganized  in  1880. 

LOUISIANA. 

LuiisLvNA  State  University  and  Agricultural  and  Mechanical  College. 

Location,  Batc^n  Rouge.     President,  J.  W.  Nicliolson,  A.  M. 
Organized  by  State  April  7.  1878;  reorganized  January  2,  1877. 

MAINE. 

Maine  State  College  of  Agriculture  and  the  Mechanic  Arts. 

Location,  Orono.     President,  Merritt  C.  Femald,  A.M.,  Ph.D. 

Organized  by  State  in  1865. 

MARYLAND. 

Maryland  Agricultural  College. 

Ixxation,  Agricultural  College.     President,  Henry E.  Alvord,  C. K 

Organized  by  State  in  1856. 

MASSACHUSETTS. 

Masj^achusetts  Agricultural  Colleqe. 

Location.  Amherst.     President,  Henry  H.  Goodell,  M.  A. 
Or!;cinizc(l  by  State  in  1863;  oix^ned  for  students  in  1867. 

Bussey  Institution  of  Harvard  University. 

Location,  .Jamaica  Plain.     President,  Charles  W.  Eliot, LL.D. 

Dean,  F.  II.  Storer. 

Organized  in  1870  by  President  and  Fellows  of  Harvard  University. 
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MICHIGAN. 

MicHKi^AN  Agricultural  College. 

Location,  Agricultural  College.     President,  Edwin  Willits,  LL.  D. 
Organized  by  State  February  12,  1855. 

MINNESOTA. 

College  op  Agriculture  op  the  University  op  Minnesota. 

Location,  St.  Antbony  Park.     President,  Cyrus  Nortbrop,  IjL.  D. 
Organized  in  1868. 

State  School  op  Agriculture  op  the  University  op  Minnesota. 

Location,  St.  Antbony  Park.     President,  W.  W.  Pendergast. 
Organized  by  Board  of  Regents  in  1888. 

MISSISSIPPI. 

Agricultural  and  Mechanical  College  op  Mississippi. 

Location,  Agricultural  College.     President,  S.  D.  Lee. 
Organized  by  State  October,  1880. 

Alcorn  Agricultural  and  Mechanical  College. 

Location,  Rodney.     President,  Jobn  H.  Burrus,  M.  A. 
Organized  by  State  in  1871;  reorganized  in  1878. 

MISSOURI. 

Agricultural  and  Mechanical  College  op  the  University  op  Missouri. 

Location,  Columbia.     Dean,  J.  W.  Sanborn,  B.  S. 
Organized  by  State  in  1870. 

NEBRASKA. 

Industrial  College  op  the  University  op  Nebraska. 

Location,  Lincoln.     Chancellor,  Irving  J.  Manatt,  Ph.  D.,  LL.  D. 

Dean,  Charles  E.  Bessey,  Ph.  D. 

Organized  by  State  February  15,  1869;  opened  for  students  September  7,  1871. 

NEVADA. 
School  op  Agriculture  op  the  Nevada  State  University. 

Location,  Reno.     President,  LeRoy  D.  Brown,  A.  M.,  Ph.  D. 
^Organized  by  State  in  1887. 

NEW  HAMPSHIRE. 

New  Hampshire  College  op  Agriculture  and  the  Mechanic  Arts,  in  con- 
nection with  Dartmouth  College. 

Location,  Hanover.     President,  Samuel  C.  Bartlett,  D.  D.,  LL. D» 
Dean,  Charles  H.  Pettee,  A.  M.,  C.  E. 
Organized  by  State  in  1860. 

NEW  JERSEY. 

Rutgers  Scientipic  School  op  Rutgers  College. 

Location,  New  Brunswick.     President,  Merrill  Edward  Gates,  Ph.  D.,  LL.  D., 
L.  H.  D. 
Made  State  College  of  Agriculture  and  the  Meclianic  Arts  April  4, 1864. 


EXPERIMENT   STATIONS.  557 

NEW  YORK. 

College  op  Agriculture  of  Cornell  University. 

Location,  Ithaca.     President,  Charles  Kendall  Adams,  LL.  D. 

Univei-sity  organized  by  State  April  27, 1865. 

College  organized  by  ti-ustees  of  University,  June  20, 1888. 

NORTH  CAROLINA. 

College  of  Agriculture  and  the  Mechanic  Arts  of  the  University  op 

North  Carolina. 

Location,  Chapel  Hill.     President,  Kemp  P.  Battle,  LL.  D. 

Organized . 

OHIO. 

Ohio  State  University. 

Location.  Columbus     President,  William  H.  Scott,  LL.  D. 
Organized  by  State  September  17, 1873. 

OREGON. 

Oregon  State  Agricultural  College, 

Location,  Corvallis.     President,  B.L.  Arnold,  A.M. 
Organized . 

PENNSYLVANIA. 

Pennsylvania  State  College. 

Location,  State  College.    President,  George  W.  Atherton,  LL.  D. 
Organized  in  1859;  reorganized  in  1862  and  1874. 

RHODE  ISLAND. 

Agricultural  and  Scientific  Department  op  Brown  University. 

Location,  Providence.    President,  E.G.Robinson,  D.  D.,LL.  D. 
Organized . 

Rhode  Island  State  Agricultural  School. 

Ijocation,  Kingston,    President  of  Board  of  Managers,  Charles  O.Flagg,  B.S. 
Organized  in  1888. 

SOUTH  CAROLINA. 

College  of  Agriculture  and  Mechanic  Arts  of  the  University  of  South 

Carolina. 

Location,  Columbia.    President,  John  M.  McBryde,  Ph.  D.,  LL.  D. 

Organized  in  1879. 

Claflin  University,  College  of  Agriculture  and  Mechanics'  Institute. 

Location,  Orangeburg.     President,  L.  M.  Dunton,  D.  D, 

Organized  March  12,  1872. 

TENNESSEE. 

State  Agricultural  and  Mechanical  College  op  the  Uniyersity  of  Ten- 
nessee. 

Location,  Knoxville.    President,  Charles  W.  Dabney,  jr.,  Ph.D. 
Dean,  Thomas  W.Jordan,  A.M. 
Organized  in  1869, 
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TEXAS. 

Agricultural  and  Mechanical  Collkoe  op  Texas. 

Location,  College  Station.   Cliairman  of  College  Faculty,  Lewis  L.  Mclnnis,  "LL,  D. 
Organized  Aprfl  17,  1871. 

VERMONT. 

University  op  Vermont  and  State  Agricultural  College. 

Location,  Burlington.    President,  Matthew  H.  Buckham,  D.  D. 
College  organized  November  9,  1865. 

VIRGINIA. 

Virginia  Agricultural  and  Mechanical  College. 

Location,  Blacksburg.     President,  L.  L.  Lomax. 
Organized  in  1872. 

Hampton  Normal  and  Agricultural  Institute. 

Location,  Hampton.     President,  S.  C.  Armstrong. 

Organized  by  American  ISIissionary  Society  April,  18G8;  reorganized  under  charter 
from  State  June,  1870. 

WEST  VIRGINIA. 

West  Virginia  University. 

Location,  Morgantown.     President,  E.  M.  Turner,  LL.  D. 
Organized  February  2,  1807. 

WISCONSIN. 

Department  op  Agriculture  op  the  University  op  Wisconsin. 

Location,  Madison.     Pro.sidont,  T.  C.  Cliamborlin,  LL.  D. 
University  organized  in  1848, 
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REPORT  OF  THE  MICROSCOPIST. 


Sir:  I  have  the  honor  to  submit  herewith  my  seventeenth  annual 
report. 

During  tlie  past  year  a  large  portion  of  the  time  of  my  Division 
has  been  ^iven  to  the  preparation  of  exhibits  for  the  expositions  at 
Cincinnati,  Ohio,  and  Taris,  France.  Very  superior  collections  of 
fibers,  foreign  and  domestic,  have  been  made,  and  a  large  corre- 
spondence has  been  carried  on  relating  to  fibers  and  to  tne  latest 
metliods  of  preparing  them  for  general  purposes.  Four  samples  of 
flax,  consisting  of  a  samj^le  each  of  French  (Courtrai),  $380  per  ton; 
Dutch  (Holland),  S325  per  ton;  Irish,  $275  per  ton,  and  Russian,  $200 
per  ton,  have  been  received,  each  having  interesting  distinctive  char- 
acteristics. 

The  adulteration  of  food-stuflfs,  principally  of  condiments,  has  re- 
ceived special  attention,  and  samples  irom  various  quaMers  have 
been  examined,  and,  in  many  cases,  adulterations  detected.^ 

In  making  microscopic  investigations  of  condiments,  such  as  pa- 
pers, mustards,  cloves,  allspice,  and  cinnamon,  for  the  purpose  of 
ascertaining  the  peculiarities  of  their  cell-structure,  I  find  it  neces- 
sary to  soften  the  berry  or  roots,  as  the  case  may  be,  in  water  for  a 
period  of  about  twenty-four  hours,  so  that  they  may  be  cut  in  sec- 
tions sulliciently  thin  and  of  various  grades  of  thickness,  at  various 
an.i^les.  without  which  the  physical  and  structural  characteristics  of 
the  cells  of  the  respective  layers  could  not  be  observed  by  the  aid  of' 
the  microscope.  For  this  purpose  the  respective  layers  should  be 
view(.Ml  l>y  plain  and  polarized  light.  For  example,  on  subjecting 
tlio  e])idermal  layer  of  white  mustard  seed  to  polarized  light  I  have 
discovered  that  every  cell  composing  it  is  not  only  a  polarizing  body, 
but  each  of  these  cells  very  unexpectedly  shows  a  well-defined  cross, 
resembling  the  appearance  of  starch  in  some  respects,  a  feature,  I 
beliove,  not  heretofore  observed;  but  for  this  discovery  such  bodies 
might  be  mistaken  for  an  adulterant,  since  the  condiment  mustard 
is  w]V)lly  destitute  of  starch,  oil  taking  its  place,  a  fact  acknowl- 
(Hl<j:<^d  ])y  all  experts. 

Plates  I,  II,  III,  IV,  V,  and  VI  represent  sections  of  the  condiments 
under  consideration. 

Ground  olive-stones  and  cocoa-nut  shells,  said  to  be  largely  used  in 
adulterating  some  condiments,  are  conrvposed  mostly  of  a  class  of 
cells  known  as  sclerenchyma  cells.  When  powdered  these  sub- 
stanc(\s  resc^nible  white  pepper  so  closely  that  only  by  the  use  of  the 
microscope  can  their  presence  be  detected  when  combined  with 
])epi)er,  black  or  white.  These  substances  have  neither  taste  nor 
sTuell.  Powdered  olive-stones  and  cocoa-nut  shells  may  be  purchased 
cheax^ly  in  large  quantities.  The  poorer  classes,  who  generally  buy 
the  lowest-priced  articles,  are  the  greatest  sufferers,  since  they  pay 
a  high  price  for  these  worthless  adulterants.     Stringent  legislation 
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is  required  to  prevent  their  use.  One  of  the  hirgost  olive-growers 
of  California,  with  whom  I  liave  had  correspondence  on  the  subject, 
informs  me  that  olive-stones  are  collected  and  sold  for  the  purpose 
of  adulterating  condiments.  • 

In  making  these  investigations  I  have  lield  it  to  be  of  the  first  im- 
portance to  i>hotograph  the  sections  of  the  condiments,  and,  by 
means  of  the  camera  lucida,  make  exact  drawings  of  such  parts  as 
are  necessary.  My  next  step  is  to  reduce  the  condiment  to  powder 
and  observe  its  appearance  under  high  and  low  powers  of  the  micro- 
scope, comparing  it  with  the  sample  bought  in  open  market.  Such 
comparisons  reveal  a  marked  difference  in  some  of  the  samples  pur- 
chased. Many  observations  are  made  in  order  to  ascertain  whether 
more  than  one  adulterant  is  used  and  whether  a  foreign  substance 
observed  is  present  by  accident,  or  in  such  quantity  as  to  prove  its 
fraudulent  character.  For  legislative  or  judicial  purposes  it  is  not 
of  so  much  importance  to  ascertain  what  precise  adulterant  is  used, 
provided  it  be  harmless,  as  it  is  to  ascertain  how  much  is  used,  as 
this  determines  whether  the  material  has  been  added  with  fraudu- 
lent intent.  Experts  allow  but  1  per  cent,  for  accidental  adultera- 
tion. 

BLACK  PEPPER. 

Plate  I,  Fig.  1  represents  a  longitudinal  section  of  a  berry  of  black 
pepper.  Fig.  2  represents  its  starch  cells,  most  of  which  contain 
starch  granules.  They  are  best  observed  l)y  treatment  with  weak 
solutions  of  dilute  sulphuric  acid  and  iodine,  which  stains  them  blue. 
Fig.  3  represents  oil  cells.  The  iodine  mixture,  although  staining 
the  starch  cells  and  granules  blue,  has  the  property  of  coloring  the 
oil  cells  yellow,  and  a  narrow  band  within  the  cortical  layer  becomes 
of  a  reddish  color.  The  dark  cortical  layer  is  not  affe(^ted  materially 
by  the  staining  fluid.  This  layer  is  composed  largely  of  sclerenchyma 
or  "stone ''  cells;  these  exhibit  under  polarized  light,  with  or  without 
selenite,  the  prismatic  colors.  In  the  dark-brown  cortical  layer, 
when  cut  sufficiently  thin  to  be  semi-transparent,  numerous  spicules 
are  observed  of  a  composition  similar  to,  if  not  identical  with,  that 
of  the  sclerenchyma  cells,  and  like  them  i)olarizing.  Were  not  these 
spicules  particularized,  their  presence  in  i)ure  ground  i)epper  might 
be  mistaken  for  a  new  adulterant.  I  am  not  aware  tnat  tliese 
spicules  have  been  observed  hitherto.  They  are  best  seen  with 
powers  of  about  500  diameters.  Fig.  4  represents  the  appear- 
ance of  pure  ground  black  pepper  in  which  these  spicules  singly  and 
combined  appear  as  well  as  starch  cells,  oil  cells,  and  fragments  of 
the  dark-brown  cortical  layer,  the  latter  showing  the  j)resence  of 
polarizing  *' stone"  cells  common  to  all  cortical  substances,  differing, 
however,  in  size  and  form  in  dift'erent  substances.  Fig.  5  exhibits 
the  appearance  of  adulterated  ground  black  j^epper.  The  large  yel- 
low bodies  in  the  center  represent  the  adulterants  commonly  used 
in  white  and  black  pepper,  consisting  in  this  instance  of  the  scleren- 
chyma cells  of  olive-stone  i)owder.  A  re])resents  groups  of  the  scler- 
enchyma cells  seen  in  ground  cocoa-nut  shells,  mentioned  above  as 
one  of  the  adulterants  used  in  this  condiment.  The  cells  of  the 
inner  surface  of  the  cocoa-nut  shell  are  light  colored  and  spindle- 
shaped,  while  those  of  the  body  of  the  shell  are  dark  colored,  yel- 
lowish brown  or  yellow  tinged  with  brown.  B  represents  individual 
cells  of  powdered  olive-stone.  These  cells  measure  about  one-thou- 
sandth of  an  inch  in  diameter. 
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WHITE   PEPPER. 

White  pepper  is  made  from  the  black-pepper  berry.  It  is  said 
that  the  pepper  berries  are  softened  in  water  and  subjected  to  fric- 
tion to  remove  th^  cortical  layer,  which  is  very  thin.  When  dry 
they  are  ground  to  a  fine  powder.  The  interior  of  the  berry  con- 
sists, as  has  been  shown,  mostly  of  oil  cells,  starch  cells,  and  very 
minute  starch  granules.  Small  portions  of  the  dark  cortical  layer, 
however,  are  frequently  observed  in  reasonably  pure  white  pepper. 
It  is  reported  that  the  black  washings  of  the  berry  are  by  some  deal- 
ers carefully  dried,  ground,  and  mixed  with  ground  black  pepper. 
Pepper  experts  may  be  able  to  detect  this  adulteration  with  the 
naked  eye,  owing  to  the  unusual  amount  of  black  color  thus  added. 
Pure  black  pepper  is  necessarily  of  a  much  lighter  color  than  a 
pepper  with  which  the  ground  dark  hulls  have  been  mixed.  In  the 
case  of  white  pepper  adulterated  with  the  powder  of  olive-stones, 
detection  is  not  so  easy,  since  to  the  naked  eye  there  is  a  very  close 
resemblance  between  the  genuine  article  and  the  adulterant.  It  is 
o'oserved  that  the  introduction  of  the  powder  of  olive-stones  greatly 
diminishes  the  odor  of  both  white  and  bl^tck  pepper  if  used  in  large 
quantities;  and  since  the  powder  of  olive-stones  has  a  greater  spe- 
cific gravity  than  the  powder  of  ground  black  pepper,  the  latter,  by" 
measurement,  would  occupy  more  space  than  tne  former,  weight  for 
weight,  thougli  I  am  not  aware  that  their  relative  weight  to  meas- 
urement has-been  exactly  determined.  The  structural  forms  of  the 
pepper  berry  are  very  varied,  beautiful,  and  well  defined.  The  mi- 
croscopic test  is  considered  by  all  European  authorities  on  the  subject 
of  food  adulteration  the  most  reliable. 

WHITE  MUSTARD  SEED. 

The  structural  character  of  white  mustard  seed  is  very  varied  and 
interesting,  but  differs  materially  in  its  cell-arrangement  from  that 
of  the  black-pepjjer  berry.  Plate  II,  Fig.  1,  represents  the  natural 
size  of  the  seed.  If  steeped  in  cold  water  for  a  period  of  about  thirty- 
six  hours  at  a  temperature  of  75°  Fahr.,  the  external  surface  of  the 
seed  becomes  highly  glutinous.  If  a  portion  of  this  glutinous  sub- 
stance is  removed  and  viewed  in  the  usual  way  under  powers  of  about 
250  diameters  it  appears  cellular,  and  consists  in  fact  of  the  epi- 
dermal tissue  and  a  gum. 

The  cellular  structure  of  £he  epidermis  has  been  described  by  Has- 
sal  in  his  volume  on  Food  Adulterations,  but  he  seems  not  to  have 
observed  the  fact  that  each  cell  when  subjected  to  polarized  light 
exliibits  a  cross  already  alluded  to.  This  tissue  is  quite  transparent. 
Its  form  is  represented  bv  Fig.  3,  Plate  II. 

In  the  center  of  each  cell,  according  to  Hassal,  there  is  a  tube  which 
conmiunicates  with  the  underlying  layer  of  cells,  a  represents  a 
more  highly  magnified  view  of  the  so-called  tubes.  Proceeding  from 
each  of  these,  appear,  as  shown  in  Fig.  3,  thread-like  filaments  of 
great  length.  Hassal's  drawings  fail  to  show  these.  I  think  it  prob- 
able from  the  extraordinary  length  and  fineness  of  these  filaments 
that  thev  consist  simply  of  the  gummy  substapce  of  the  epidermal 
layer.  1  find  these  filaments  soluble  in  nitric  aCid,  while  the  cellular 
tissue  is  not  injured  by  its  application.  Fig.  4,  at  first  sight,  seems  to 
consist  of  two  layers,  but  on  subjecting  it  to  slight  pressure  between 
two  pieces  of  glass  the  surface  becomes  flat.  If  Fig.  4  really  con- 
sists of  two  layers.  Fig.  5  represents  the  under  layer,  and  below  it  is 
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found  a  layer  of  cells  as  in  Fig.  fi,  a  layer  not  described  by  Hassal. 
Fig.  7  represents  a  cellular  layer,  composed  for  tlio  most  jjart  of  oil 
cells.  Under  high  powers  they  seem  to  contain  voi*y  minuto  starch 
granules,  but,  as  Hassal  has  stated,  are  not  stained  by  a  solution  of 
sulphuric  acid  and  iodine.  I  find  that  under  the  action  of  this  solu- 
tion tlie  cells  api)ear  quickly  filled  with  large  globules  of  oil,  the  sul- 
phuric acid  causing  a  union  of  the  minute  oil  ^lobules. 

Under  powers  oi  500  diameters  the  oil  globules  are  well  defined  as 
seen  in  Fig.  8.  Within  these  globules  are  to  be  observed  very  mi- 
nute granules  no  larger  than  those  observed  in  the  red  blood-coi-pus- 
cles  of  the  human  body.  Within  this  layer  of  oil  cells  the  plantlet 
is  embedded  (see  2.  Fig.  9).  b  represenfts  the  forms  of  the  spiral 
vessels  observed,  if  the  lobes  of  the  plantlet  (2)  were  folded  one 
upon  the  other  it  would  appear  as  found  in  the  seed.  Fig.  10  repre- 
sents the  api)earance  of  pure  ground  mustard  under  the  microscope. 
Fig.  11  represents  polarizing  bodies  as  seen  by  polarized  light  and 
blue  selonite.  From  the  fact  that  starcrh  granules  have  never  been 
observed  in  pure  ground  mustard  nor  in  dissections  of  the  seed,  it 
follows  that  if  any  description  of  starch  is  found  in  the  mustard  of 
commerce  it  must  be  an  adulteration.  I  have  a  sample  of  mustard, 
entirely  free  from  starch  or  other  adulteration,  procured  from  a  dealer 
in  drugs  of  this  city.  I  am  informed  by  a  Washington  merchant 
that  he  can  obtain  j)erfectly  pure  mustard  from  those  who  msbke 
it  their  business  to  grind  condiments  by  simply  paying  the  price 
demanded  for  it;  but  the  poor  demand  cheap  j^oods,  hence  gen- 
erally two  and  sometimes  three  qualities  of  condiments  are  on  the 
market,  thg  highest-priced  beinjj  really  the  cheapest  article. 

Pure,  best  English  mustard  is  sold' by  dniggists  at  50  cents  jyoT 
pound,  retail.  If  adulterated  with  50  per  cent,  of  flour,  worth  5  cents 
per  pound,  and  sold  at  the  same  price,  it  is  manifest  that  the  poor 
pay  for  flour  used  as  an  adulterant  in  this  condiment  at  the  rate  of 
60  cents  i)er  ixniiid. 

BLACK  MUSTARD  SEED. 

Plate  III  represents  a  dissection  of  black  mustard  seed.  Fig.  1  is 
a  general  view  of  the  seed  as  sold.  Fig.  2,  the  epidonnal  layer.  Fiff. 
3,  the  second  layer.  Fi^.  4,  third  layer.  Fig.  5,  a  layer  of  cells  simi- 
lar to  that  discovered  in  white  mustard  seed  (see  Fig.  fi,  Plate  II). 
This  layer  is  also  found  over  and  in  contact  with  the  oil  cells  (Fig. 
G).  By  the  use  of  sulphuric  acid  applied  to  the  surface  of  the  oil 
cells,  minute  globules  of  oil,  scarcely  observable,  oven  by  high 
jjowers,  combine  one  with  another,  forming  large  globules,  some  of 
them  large  enough  to  fill  the  entire  cell.  Fig.  7  re])resents  pure 
ground  ])lack  mustard  seed.  Fig.  8  represents  the  same  adulterated, 
showing  the  ])resence  of  starch,  which  is  not  found  in  pure  black 
mustard. 

CLOVES. 

Plate  IV,  Fig.l,  represents  a  section  of  cloves,  through  the  ovules, 
or  rather  through  a  point  where  the  ovules  would  be  in  the  mature 
seed.  I  am  informed,  on  good  authority,  that  cloves  are  the  unripe 
buds  of  the  plant,  and  that  it  has  been  found  necessary  to  pluck  the 
buds  in  the  unripe  state  for  commercial  reasons.  On  subjecting  a 
very  thin  section  of  cloves  to  i)olarized  light  it  is  found  to  be  very 
full  of  •*  stone"  cells.  Longitudinal  sections  of  clove  buds  are  very 
much  longer  in  proportion  to  their  diameter  than  sections  of  the 
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poi)|)er  Ijerry.  Fig.  2  represents  their  general  appearance  under  po- 
larizod  light  and  solenite.  In  this  case  the  sclerenchyma  cells  ai*© 
inai»iiifiod  about  225  diameters.  The  section  itself  is  rei^resented 
under  very  low  powers. 

ALLSPICE. 

Plate  V,  Fig.  1,  represents  a  sectional  view  of  a  berry  of  allspice, 
natural  size,  as  seen  when  cut  through  its  center  showing  its  ovules. 
Fig.  2  represents  a  highly  magnified  view  of  the  same,  transferred 
from  a  piiotograph  of  a  thin  section,  showing  the  ovules  or  seed 
l)rc)r)er.  The  blue  portion  of  the  section  represents  the  starch  in  the 
ovule,  the  brown  cellular  portion,  the  nitrogenous  matter,  the  outer 
or  ocherous  portion,  the  shell,  husk,  or  cortex  studded  with  '*  stone" 
or  sclerenchyma  cells.  Figs.  3  and  4  represent  the  appearance  of 
pure  ground  allspice. 

CINNAMON. 

• 

Plate  V  represents  the  structural  character  of  cinnamon.  Under 
polarized  light  it  apj)ears  a  beautiful  object.  Fig.  1  represents  large 
tubular  cells,  spiral  ducts,  etc.  Fig.  2  represents  a  longitudinal  sec- 
tion of  the  bark,  consisting  largely  of  ''stone"  cells.  Fig.  3,  a  cross- 
si  action  view  of  the  tubular  cells,  spiral  ducts,  etc.  These  spindle- 
sliai)ed  cells  are  highly  polarizing  boaies.  Fig.  4  represents  individual 
sclerenchyma  cells  which  contain  starch  x  500. 

COLOR-REACTIONS  OF  PATS  AND  OILS,   AND  FLUORESCENCE. 

Plate  VII,  Figs.  1  to  10,  inclusive,  represents  the  color-reactions  of 
fats  and  oils  produced  by  treatment  with  a  solution  of  dilute  sulphuric 
acid,  specific  gravity  1.705.  Chemically-pure  sulphuric  acid,  com- 
bined in  the  proportion  of  90  parts  of  the  acid  to  30  parts  of  distilled 
water,  will  give  nearly  the  above  specific  gravity.  If  about  100 
grains  of  this  solution  at  75°  F.  (23.89°  C.)  is  combined  with  400 
grains  of  any  of  the  fats  or  oils,  and  mixed  quickly  and  intimately 
ill  a  porcelain  vessel,  a  color-reaction  takes  place.  To  observe  further 
results  of  the  treatment  with  the  acid  solution,  pour  the  mixture  into 
a  test-tuT)e,  when  further  changes  are  obtained.  The  dilute  acid 
falls  to  the  bottom  of  the  tube,  together  with  certain  products  of  the 
treated  fat;  the  undissolved  fat  floats  on  top.  Under  these  circum- 
stances the  phenomenon  of  fluorescence  referred  to  in  a  former  report 
becomes  apparent  in  such  oils  and  fats  as  are  known  to  possess  this 
propertv.  For  further  particulars  on  this  subject  see  pages  622  and 
&^:i,  U.  S.  Agricultural  Report,  1887. 

Fig.  1  represents  palmitic  acid  under  the  color-reaction  test  as  de- 
scribed above.  Fig.  2  represents  palmitin  treated  in  like  maimer. 
Fig.  3  re^)resents  the  color-reaction  of  stearic  acid.  Fig.  4,  commer- 
cial stearine.  Fijj?.  5,  oleic  acid.*  The  fluorescence  in  this  case  is  best 
observed  by  holding  the  test-tube  in  a  side  light  slightly  in  the  shade 
and  against  a  dark  background.  If  held  towards  the  light  it  will 
ap})(»ar  of  an  amber  color.  Fig.  G  represents  the  color-reaction  test 
applied  to  Benno  oil.  Figs.  7,  8,  9,  and  10  represent  olive  oil,  cotton- 
seed oil,  peanut  oil,  and  '*oleo,''  respectively,  treated  in  like  manner. 

Plate  V  III.  Beef-fat  dripping,  similarly  treated,  gives,  at  first,  the 
reaction  re^)resented  in  Fig.  1,  changing  as  seen  in  Fig.  2,  and  after 
the  lapse  ot  several  days  appears  as  seen  in  Fi^.  3.  The  fat  of  the 
domestic  cat  turns  first  to  a  well-defined  lilac  color,  then  darker,  and 
ultimately  to  a  Vandyke  brown. 

"  Since  making  tho  above  experiment  with  oleic  add,  I  find  with  a  purer  samplo 
there  is  but  a  very  slight  fluorescence. 
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The  fat  of  the  wild-cat  gives  a  similar  reaction  (see  Figs.  9  and  10); 
The  fat  of  the  deer  passes  through  three  stages,  represented  in  Figs. 
6,  7,  and  8. 

Plate  IX  represents  the  color-reactions  of  butter  under  the  sul- 
phuric-acid test.  At  first,  butter  assumes  a  pinkish  tint  under  this 
treatment,  quickly  turning  to  yellow  (see  Figs.  1  and  2),  and  again 
changing  as  represented  in  Figs.  3,  4,  and  5.  Some  grades  of  pure 
butter,  free  from  any  added  coloring  matter,  change  first  to  green, 
then  quickly  to  lilac,  especially  if  old  butters  (see  Figs.  6,  7,  8,  9, 
and  10). 

These  results  of  my  experiments  on  the  color-reactions  of  fats  are, 
so  far  as  I  am  aware,  entirely  new,  and  will  serve  a  good  purpose 
hereafter  as  another  method  of  testing  the  purity  of  oils  and  fats. 
The  nature  of  the  fluorescent  compounds  produced,  seen  in  the  lower 
portion  of  the  test-tubes,  has  not  yet  been  chemically  examined.  It 
should  be  understood  that  in  such  experiments  the  oils  or  fats  used, 
should  be  fresh. 


A  NEW  POCKET  POLARISCOPE. 

(Oleoniargariscope. ) 

In  the  course  of  my  experience  as  an  expert  witness  in  prosecu- 
tions for  violations  of  the  butter  laws  of  the  District  of  Columbia  I 
found  it  desirable  to  have  a  simpler  form  of  microscopic  or  polari- 
scopic  combination  than  the  cumbrous  stand  with  polariscope  m  gen- 
eral use,  since  all  the  parties  interested,  j'udge,  jury,  and  attorneys, 
desired  to  see  for  themselves  the  crystalline  forms  of  the  fatty  com- 
pounds known  as  oleomargarine.  To  this  end  I  constructed  the 
instrument  illustrated  in  the  accompanying  plate. 

Fig.  1  represents  the  general  appearance  of  the  pocket  polariscope 
when  not  in  use. 

Fig.  2  represents  a  sectional  drawing  showing  its  interior  ai*range- 
ment. 

(a)  Eye-piece  such  as  is  ordinarily  used. 

(b)  Objective  one-half  inch,  of  the  usual  construction. 
(ni)  Analyzer,  or  Nicol  prism. 

(n)  Polarizer,  firmly  secured  in  tube  (c),  which  may  be  rotated  as 
desired,  thereby  changing  the  prismatic  colors. 

(d)  Two  disks  of  thin  plate-glass,  between  which  a  small  portion 
of  butter  or  oleomargarine  is  placed,  secured  in  position  by  nng  (/). 

(e)  Disk  of  selenite,  held  in  position  by  ring  (^g). 

(h)  Lens,  for  the  double  purpose  of  illuminating  the  polarizer  and 
protecting  it  from  dust.  A  lens  is  also  placed  over  the  polarizer  (n), 
which  concentrates  the  light  on  the  butter  or  other  fat  to  be  ex- 
amined. 

It  will  be  seen  from  the  drawing  that  the  objective  is  readily  fo- 
cused by  means  of  the  draw-tube  (i).  Hold  the  object  up  to  a  strong 
light;  ii  the  butter  is  pure,  and  free  from  adulteration,  an  even  green, 
or  red  color,  only,  will  be  observed,  depending  upon  the  character 
of  the  selenite  used.  If  *^oleo"  or  lard  is  used,  a  fine  display  of  pris- 
matic colors  will  be  observed. 

Thomas  Taylor, 

Hon.  Norman  J.  Colman,  Microscopist. 

Ccmimissioner. 
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REPORT  OF  THE  POMOLOGIST. 


Sir  :  I  liave  the  honor  to  submit  the  following  report  for  the  year 
1888: 

The  fruit  crop  of  tlie  United  States  for  tliis  year  is  the  largest  ever 
produced,  there  being  scarcely  a  section  of  the  country  that  has  not 
oeen  well  supplied  with  tlie  fruits  usually  grown  there.  The  work 
of  the  Division  of  Pomology  has  continued  to  increase,  and  the  inter- 
est manifested  by  the  fruit-growers  of  the  country  is  of  a  very  encour- 
aging nature.  There  are  now  on  record  in  my  onice  over  eight  thou- 
sand correspondents  who  have  resi)onded  to  the  questions  asked  them. 
These  and  all  others  who  have  expressed  a  desire  to  receive  the 
annual  or  special  reports  of  this  Division  have  been  promptly  sup- 
plied with  them. 

The  volume  of  correspondence  has  increased  to  such  a  degi'ee  that 
it  is  only  by  the  most  vigorous  exertion  that  the  office  force  nas  been 
able  to  answer  it.  This  is  a  pleasant  although  arduous  duty,  and  I 
sincerely  hope  that  our  ability  to  respond  may  keep  pace  with  the 
increasing  demands. 

FRUITS  EXAMINED. 

Within  the  last  year  the  number  of  specimens  sent  for  identifica- 
tion and  study  has  greatly  increased.  Fully  10,000  specimens  have 
been  received  and  many  of  them  quite  rare  and  of  special  interest. 
In  nearly  all  cases  where  the  true  names  were  desired  by  the  party 
sending  I  have  been  able  to  give  them.  The  experience  of  this  office 
proves  beyond  question  that  there  is,  even  in  the  oldest-settled  paHs 
of  the  country,  a  considerable  degree  of  ignorance  of  the  names  of 
standard  varieties  of  fruits.  It  is  chiefly  through  such  ignorance 
that  local  names  are  given  to  old  varieties,  thus  multii^lying  synonyms 
and  creating  confusion  in  nomenclature  and  working  harm  to  the 
practical  grower  and  especially  to  the  beginners.  To  remedy  this 
evil  so  far  as  may  be,  is  one  of  my  constant  efforts,  and  I  am  happy 
to  say  that  progress  is  being  made  in  that  direction.  To  this  end  I 
wish  to  hereby  call  the  attention  of  all  who  may  share  such  a  desire 
to  the  fact,  that  I  have  constantly  on  hand  boxes  made  especially  for 
transporting  s]^)ecimens  of  fruits  by  mail,  and  franks  to  use  in  return- 
ing tliem  to  this  office,  which  will  be  sent  to  any  desiring  to  avail 
themselves  of  the  privilege.  Printed  directions  for  packing  and 
sending  will  also  be  sent. 

CABINET  OP  RECORDS. 

There  have  been  made  and  placed  in  the  archives  of  this  Division 
over  three  hundred  drawings  and  water-color  paintings  of  fruits, 
which,  together  with  caref  ully-prex)ared  written  descriptions,  are  a 
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pernijineiit  record.  This  cabiuot  is  not  only  of  scientific  interest  to 
pomology,  but  also  of  practical  value  to  the  industry  it  represents. 
Tlie  services  of  a  skillful  artist  are  thus  made  available  for  prepar- 
ing tlio  ]iocessary  original  copies  for  illustrating  the  reix)rts  of  the 
Divisi(;n,  as  may  be  seen  herewith,  as  well  as  of  assistance  in  com- 
parative study  and  ijermanent  record. 

OFFICIAL  VISITS. 

In  compliance  with  the  orders  of  the  Commissioner  of  Agriculture, 
during  a  ])art  of  the  months  of  January  and  February  I  visited  the 
State  of  California  for  the  j^urpose  of  attending  the  meetings  of  the 
Ameri(!an  Horticultural  Society  held  there  during  that  time,  and  to 
make  such  investigations  of  a  pc^mological  nature  as  I  might  see 
proper. 

Two  meetings  of  this  society  wore  held,  one  at  San  Jos^,  in  the 
famous  Santa  Clara  Valley,  and  the  other  at  Riverside,  in  the  south- 
em  part  of  the  State,  and  where  the  orange  is  grown  to  its  greatest 
perfection.  Almost  the  entire  State  was  traveled  over  during  the 
visit,  but  at  that  time  of  year  it  was  only  possible  to  see  the  citrus 
fiTiits  and  olive  in  bearing. 

To  one  who  has  never  there  seen  the  great  stretches  of  vineyard 
and  orchard  it  would  be  a  surprise,  even  after  reading  various  ac- 
counts of  them. 

The  greater  part  of  these  plantations  are  on  the  level  surfaces  of 
vast  x>lains  and  not  u])on  slopes  as  I  had  supposed. 

One  very  noticeable  feature  was  the  thorough  cultivation.  I  think 
that  on  an  average  the  weeds  found  on  10  acres  of  Calif ornia  orchard 
or  vineyard  could  be  carried  under  one  arm,  and  the  ground  seemed 
to  have  been  stirred  in  the  most  effectual  manner.  The  soil  is  usually 
a  loose  sandy  loam  of  a  brownish  color.  Another  thing  that  sur- 
prised the  Eastern  orchardists  was  the  severe  annual  pruning  prac- 
ticed upon  the  peach,  pear,  plum,  and  cherry.  The  growth  is  re- 
markably strong  on  the  Pacific  coast,  and  all  growers  there  cagree 
that  it  is  essential  to  cut  back  heavily  every  winter.  This  mey 
claimed  is  for  two  reasons,  viz,  to  prevent  overbearing,  and  to  keep 
the  trees  stocky  for  convenien(*e  in  cultivating  them  and  gathering 
the  fruit.  The  climatic  conditions  are  so  peculiar  there  that  I  am 
not  sure  that  the  same  method  of  j)runing  would  be  suitable  east  of 
the  Rocky  Mountains;  but  I  think  a  lesson  in  thorough  and  perpet- 
ual cultivatii^n  is  plainly  taught.  If  the  same  attention  was  be- 
stowed in  this  r(»gard  in  the  Eastern  and  Central  States  I  have  no 
doubt  that  luudi  i)etter  fruit  would  be  grown.  It  has  been  my  opin- 
ion for  y('ars  past  that  the  true  theorv  of  orchard  culture  is  to  stir 
the  entire  surface  of  the  soil  frequently  but  not  deej)ly  (say  3  inches) 
during  every  year  so  long  as  the  orchard  lives.  If  this  treatment" 
is  varied  by  se(^ding  to  clover  for  a  year  or  two  no  evil  may  result, 
but  in  no  cas(»  should  small  grain  be  sown. 

During  tlu;  fall  an  ofiicial  visit  was  made  to  southwestern  Missouri 
and  iiorthwcslca'u  Arkansas.  This  region  seems  pi»culiarly  adapted 
to  the  growth  of  jnauy  of  our  leading  fruits.  The  (^levation  above 
the  s(^a-level  is  ]uuch  grc^ater  than  for  hundreds  of  miles  in  any  di- 
rection, making  a  cooler  climate  in  summer  than  might  be  supposed 
for  that  latitude,  and  producing  winter  a^^ples  of  good  keeping  qual- 
ities. The  la.y  of  \\w,  land  is  quite  mountainous  in  2)laces,  but  tnere 
is  an  abundance  of  undulating  and  level  land  upon  which  to  plant 
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largo  orchards.  Tlie  size,  color,  and  flavor  of  the  apples  grown  there 
are  very  siii^erior.  The  peach  seems  to  be  at  home  also,  and  more 
luscious  peaches  I  have  never  tasted  than  grew  there.  The  peach 
crop  rarely  fails  south  of  Springfield,  Mo.,  west  of  the  center  of  the 
Stato  and  east  of  Indian  Territory.  The  pear  also  does  well  there, 
but  ])lig}it  is  sometimes  seen. 

Small  fruits  of  all  kinds  flourish  in  the  rich  soils.  More  thrifty 
fields  of  raspberry  and  blackberry  I  never  saw  than  on  the  Olden 
Fruit  Farm  m  Howell  County,  Mo.  This  is  one  of  the  most  promis- 
ing Inrge  fruit  farms  in  the  Central  States.  About  4,000  acres  are  in 
this  Iriict,  wliich  is  covered  with  oak  timber,  except  about  1,000  acres, 
wliicli  liave  been  cleared  and  planted  principally  to  the  peach  and 
a])]>le.  This  enterprise  is  already  paying,  altliough  only  four  years 
have  elapsed  since  the  first  clearing  of  the  native  growth  and  or- 
chard })lanting  began.  Last  year  the  gross  receipts  were  over  $0,000, 
and  mostly  from  trie  sale  of  the  first  crop  of  peaches  on  the  oldest 
trees.  No  disease  and  very  few  borers  have  to  be  contended  with  in 
pencil  culture  there. 

The  grape  grows  and  bears  well,  but  so  far  it  has  not  been  consid- 
ered as  profitable  as  the  orchard  fruits. 

To  tliose  desiring  to  move  to  a  country  of  mild  winters,  and  sum- 
mers not  too  wai-m,  and  engage  in  fruit  growing,  I  know  of  no  better 
place  in  the  Central  States. 

INVESTIGATIONS  IN  FOREIGN   COUNTRIES. 

Prof.  J.  B.  Steere,  of  Ann  Arbor,  Mich.,  having  determined  to 
visit  the  Philip])ine  Islands  for  scientific  investigations,  I  arranged 
with  him  to  s(-cure  for  this  Denartment  such  seeds  and  plants  as  he 
ijiii;ht  think  valua])l(»  for  trial  in  the  more  tropical  parts  of  this 
('()U]itry.  He  forwarded  seeds  of  several  species  oi  Anona  and  of  the 
l)('sl  viirieties  of  th(^  mango  found  there;  nut  I  am  sorry  to  say  that 
the  latter  were  (as  I  had  feared  they  would  be)  entirely  dead  upon 
aiiival  liin-e.  Plants  of  six  varieties  of  the  l)anana came  through  iix 
::(>()(1  ordei'.  The  ai)ove  were  at  once  sent  to  southern  Florida  for 
trial. 

In  roniKM-tion  with  this  it  may  be  of  interest  to  give  a  part  of  Pro- 
r«'ss<»i-  Steere's  letter  to  me,  written  while  there: 

T\i('  natives  seem  to  have  made  no  attempts  at  improving  the  fruits  that  have 
falliMi  intr)  their  liaiids.  and  tlie  Spanish,  their  masters,  have  made  as  little,  so  that 
any  exeelli'nee  in  tlie  tniitrt  of  the  country,  or,  in  fact,  any  other  products,  will  de- 
])( iid  ( >n  tlie  natural  character  of  the  country  or  on  that  of  the  original  introductions, 
if  tii'\v  are  intrcxluctMl  kinds.  Unfortunately  the  citrus  fruits,  of  which  you  spoke 
moiv  <  sjxeially.  are  one  of  tlie  least  cultivated,  and  rather  poor  in  miality.  The 
oraii;^'vS  aj)j)ear  to  have  Ix'en  introduced  from  China,  and  have  Rained  notliine  in 
transiioi  tation:  a  loose-skinned  small  one  is  cultivated  about  Ilo  Iloof  good  quanty. 
Lenion.s  are  of  j»o(»r  quality  but  of  large  size.  Limes  are  good,  but  the  pomelo  is  not 
e«inal  to  thai  of  (  hina.  On  the  other  hand,  the  bananas  are  of  many  varieties  and 
ol  most  (xei'llMiit  quality.  These  islands  would  seem  to  be  one  of  the  original  hab- 
iiais  t'i  Mn-a.  Tlu-re  an'  at  least  three  wild  species,  I  believe.  One  of  these  is  the 
'*  alKuao."  which  is  now  cultivated  on  the  islands  for  the  product,  Manila  hemp,  and 
seems  to  have  l)een  in  use  from  time  immemorial  by  the  jpeople  as  a  material  for 
(■1(  tliin;^.  lis^li^;<  nets,  etc.  It  rarely  fruits,  and  loves  a  cool,  moist  climate  best;  the 
line.-l  specimens  1  >aw  w  ere  at  a  height  of  2,500  feet,  in  the  island  of  Negros,  and  with 
the  thermometer  marking  07'  F.  at  night.  The  fruit  is  said  to  be  full  of  seeds,  like 
that  ot  the  other  wild  species.  There  is  a  second  wild  kind  abundant  in  these  central 
islands  called  *  j^acol"  by  the  natives;  its  fiber  is  also  used  as  a  textile,  and  is  finer 
hut  w  eaker  than  abacao;  its  fruits  are  greenish-yellow,  angled  or  ribbed  like  the 
banana  sold  in  the  home  (American)  markets,  and  what  pmp  tiiere  is  is  sweet  and 
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high  flavored,  but  full  of  black  seeds  a  little  larger  than  apple  seeds.  The  plant 
grows  to  a  height  of  12  to  15  feet,  and  is  found  in  large  numbers,  sometimes  occu- 
pying several  acre8  to  the  exclusion  of  everything  else.  Tlie  fruit  is  eaten  by  birds 
and  monkeys,  and  the  natives  also  use  it.  At  the  south ,  in  Mindanao,  there  is  a  third 
species  witli  smaller  and  smooth  yellow  fruits,  but  also  full  of  seeds.  The  cultivated 
varieties  are  very  many,  perliaps  fifteen  or  twenty,  and  many  of  them  are  much 
finer  than  anything  I  ever  saw  in  South  America.  I  should  think  several  of  th^n 
would  be  very  suitable  for  transportation  and  would  be  a  fine  addition  to  the  fruits 
sold  in  our  markets,  but  whether  fitted  for  any  part  of  the  United  States  I  do  not 
kn«w.  I  shall  return  in  August  or  September,  and  might  bring  along  plants  of  all 
the  better  varieties  obtainable,  if  you  tnought  it  desirable. 

The  mangoes  of  the  islands  are  of  several  (about  three)  varieties,  and  of  excellent 
quality.  Here  in  the  central  Philippines  the  trees  are  large  and  of  great  b^tuty* 
spreading,  and  the  branches  reaching  the  ground  on  overy  side,  forming  great  masses 
of  dark  green,  which  are  landmarks,  as  they  can  be  distinguished  from  all  the  other 
vegetation.  The  trees  have  an  irregular  way  of  shedding  their  leaves  which  is  curi- 
ous— shedding  them  on  one  side  or  one  branch  at  a  time,  and  the  fruiting  of  the  tree 
is  determined  by  this. 

Cocoa-nuts  are  here  of  great  excellence  and  a  great  number  of  varieties,  but  of 
course  would  be  of  no  use  to  you. 

I  found  at  Tamboanga  Mindanao,  a  fruit — one  of  the  custard-apples — of  very  ex- 
cellent quality,  resembling  the  cherimoya  of  Peru  in  shape,  flavor,  and  seeds,  Imt 
roddish  in  color;  it  is  probably,  I  should  think,  a  South  American  introducti<»i; 
perhaps  changed  by  the  conditions  found  here.    I  have  preserved  seeds  of  it. 

The  guava  of  South  America  has  been  imported  here  and  lias  run  wild  in  great 
quantities  in  waste  places,  but  has  not  been  improved  by  the  change. 

The  durion  exists  at  Tamboanga,  but  did  not  fruit  this  year,  so  that  I  had  no  op- 
portunity to  test  its  quality. 

The  Spanish  priests  have  introduced  the  grape,  and  one  sees  vines  frequently  about 
their  houses,  but  it  leads  a  sorry  existence,  and  I  have  not  yet  seen  it  fruiting. 

The  nanca  or  jack-fruit,  I  believe,  grows  abundantly  and  of  enormous  size,  but 
as  elsewhere  is  coarse  and  unfitted  for  our  taste. 

Water-melons  and  musk-melons  are  practically  unknown. 

I  shall  be  coming  back  at  a  time  that  will  allow  of  bringing  Uving  plants  with  me, 
and  if  there  is  anything  needed  in  your  Division  of  the  Department,  or  any  other, 
which  I  can  obtain,  I  shall  be  glad  to  undertake  to  bring  it. 

A  number  of  fruit  seeds  have  also  been  received  and  distributed 
from  Japan,  the  East  Indies,  and  South  America. 

Plants  of  fifty  varieties  of  the  best  English  gooseberries  were  im- 
ported and  distributed  in  Oregon  and  Washington  TeiTitory.  They 
are  reported  as  growing  thriftily,  and  it  is  expected  that  they  will 
succeed  there  quite  as  well  as  in  England. 

OUR  WILD   FRUITS. 

The  wild  fruits  of  the  United  States  are  certainly  of  such  great 
value  that  every  possible  means  should  be  employed  to  thoroughly 
investigate  them  in  their  natural  localities,  and  introduce  to  culti- 
vation such  as  are  likely  to  prove  of  value  to  the  practical  pomolo- 
rist,  or  the  scientific  experimenter.  Many  of  the  most  valuable 
fruits  now  cultivated  in  America  are  entirely  of  native  origin. 
There  are  very  few  varieties  of  the  grape  planted  and  successfully 
grown  in  the  vineyards  east  of  California  and  New  Mexico  that  are 
not  direct  descendants  of  the  wild  species  of  our  forests  and  thickets. 
And  yet  the  natural  field  as  regards  this  fruit  alone  has  been  as  yet 
but  poorly  explored. 

The  Concord  is  but  one  remove  from  the  wild  Vitis  labrusca  as 
found  in  the  woods  of  Massachusetts.  The  people  of  the  United 
States  will  never  fully  appreciate  the  value  of  the  labors  of  Mr.  Bull 
in  originating  this  variety;  for  they  not  only  resulted  in  placing  this 
delicious  grape  on  the  tables  of  the  rich  and  poor  alike,  at  a  small 
price,  but  the  Catawba,  the  Delaware,  and  all  other  grapes  pre- 
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viously  grown  and  sold  for  more  than  the  poor  could  pay,  were 
thereby  lowered  in  price,  and  a  stimulus  created  in  grape  culture 
which  will  never  cease  to  be  a  blessing  to  our  people.  Norton's  Vir- 
ginia is  a  wild  seedling  of  F.  cestivalis  that  stands  to-day  as  one  of 
tlie  nearest  proof  against  the  dreadful  fungus  diseases,  and  unsur- 
passed as  a  wine  grape  by  either  foreign  or  native  varieties.  The 
Clinton,  which  is  a  pure  seedling  of  the  wild  V,  riparia  (a  species 
that  has  the  widest  natural  range  of  territory  of  any  of  the  genus), 
has  proven  so  well  able  to  resist  the  attacks  of  the  dreaded  phylloxera 
upon  the  root,  that  French  vinevardists  have  bought  millions  of  the 
plants  and  cuttings  upon  which  to  graft  their  more  delicate  vari- 
eties. 

As  yet  the  wild  grapes  of  America  have  but  barely  begun  to  be 
utilized."  In  my  last  annual  report  I  said  that  the  investigation  of 
this  subject  by  this  Division  had  been  taken  up,  and  I  have  now  to 
report  that  the  results  of  the  work  of  the  year  1888  have  been  of 
the  most  interesting  character.  A  monograph  of  the  genus  Vitis 
is  being  prepared  for  publication  by  the  Division  with  the  assistance 
of  Mr.  T.  V .  Munson,  of  Texas,  as  a  special  agent,  and  a  consider- 
able part  of  the  work  is  already  done.  As  the  field-work,  the  prep- 
aration of  the  original  colorea  illustrations,  and  the  literary  part 
also  progressed,  it  became  evident  that  we  would  need  all  of  another 
year  to  complete  it.  The  number  of  species  known  to  be  native  in 
America  has  increased  from  twenty-two  to  twenty-six  within  the 
last  year  as  a  result  of  our  field-work,  and  present  indications  are 
that  more  may  yet  be  found.  Some  varieties  lately  discovered  have 
such  good  qualities  that  they  will  be  of  special  value  to  our  vine- 
yardists  even  without  the  improvement  that  cultivation  will  imme- 
diately bring  about;  as  the  basis  of  varieties  that  may  and  will  be 
produced  by  hybridization  they  are  certain  to  be  of  the  highest 
value. 

The  patience  of  many  correspondents  is  bespoken  with  this  work; 
for  the  value  of  accuracy  and  completeness,  as  near  as  may  be 
reached,  is  too  great  to  be  jeopardized  by  hurry  and  premature  pub- 
lication. 

But  the  grape  is  by  no  means  the  only  wild  fruit  that  deserves  at- 
tention, or  that  is  receiving  it.  The  wild  plums  are  fast  becoming 
a  popular  orchard  fruit,  not  that  they  are  as  good  in  quality  of  fruit 
as  the  European  varieties,  but  their  comparative  aoility  to  resist 
insect  attacks  gives  them  a  great  advantage.  If  it  were  not  for 
our  native  species,  our  markets  and  our  tables  would  rarely  be 
supplied  with  plums,  except  in  a  few  favored  localities.  As  it  is, 
there  need  not  be  a  farmer  or  owner  of  a  village  lot  who  may  not 
have  an  abundance  of  this  fruit  by  taking  quite  ordinary  pains  to 
produce  it.  The  varieties  differ  sufficiently  in  time  of  ripening  to 
cover  a  period  of  fully  two  months. 

There  are  but  few  of  the  small  fruits  commonly  grown  in  the 
United  States  that  are  not  the  product  of  her  native  flora,  improved 
by  the  skill  of  her  citizens,  of  wildlings  selected  directly  from  the 
hand  of  nature. 

It  is  my  purpose  to  expend  all  the  time  and  money  that  can  be 
justly  devoted  to  such  work  in  field  investigations  with  a  view  to 
determining  the  territory  occupied  by  each  species,  their  botanical 
relationships  and  variations,  and  to  discover  and  preserve  for  culture 
and  scientific  experiment  sutJh  as  may  be  likely  to  prove  worthy. 
There  is  no  doubt  that  every  year  many  chance  seedlings  of  wild 
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origin  disappear  before  the  ax  and  fire  of  the  settler.  Such  cases 
have  been  reported  to  this  office,  and  others  have  been  frequently 
brought  to  public  notice. 

PARIS  EXPOSITION. 

This  Department  having,  by  act  of  Congress,  been  directed  to 
prepare  an  exhibit  for  the  Paris  Exposition  during  1889,  it  became 
my  duty  to  attend  to  that  part  of  it  relative  to  the  fruit  industry. 
This  work  is  but  partially  oegun,  but  it  is  expected  to  secure  an  ex- 
hibit of  dried,  canned,  and  preserved  fruits  that  shall  be  a  credit 
to  the  country. 

THE  APPLE. 

The  year  1888  will  l)e  remembered  as  a  remarkable  one  for  an 
abundant  apple  crop  in  all  the  States  where  that  fruit  is  grown.  In 
some  places  good  winter  apples  would  only  bring  the  grower  about 
10  cents  per  bushel,  and  many  thousands  of  bushels  were  allowed  to 
rot  in  the  orchard  because  of  no  market  demand.  In  Ohio  and  some 
of  the  neighboring  States  where  last  year  there  was  almost  no  crop, 
this  year  tnere  has  been  an  abundant  one  and  of  excellent  quality. 
In  Wisconsin,  Minnesota,  Dakota,  northern  New  England,  and  parts 
of  Iowa  and  Nebraska  where  the  apple  is  grown  with  difficulty,  there 
has  not  been  so  much  failure  reported  this  year  as  usual.  During 
the  past  year  there  have  been  received  at  this  office  about  fifty  vari- 
eties of  Kussian  apples,  principally  from  Iowa.  Their  season  of 
ripening  began  about  August  1,  and  with  very  few  exceptions  ended 
with  September.  Their  perisha])le  character  was  very  noticeable 
upon  the  table  here  beside  the  ordinary  summer  apples  of  the  coun- 
try, and  tlie  opportunity  for  testing  them  together  was  very  good. 
Their  flavor,  I  am  sorry  to  say,  with  one  or  two  exceptions,  was  very 
poor,  and  insipid  or  sour  and  astringent.  In  appearance  they  were 
generally  quite  handsome,  and  some  were  exceedingly  so,  but  not  in 
this  regard  superior  to  our  old  varieties.  In  size  they  averaged 
rather  small.  I  give  in  this  report  accurate  descriptions  of  four 
varieties  which  are  rather  above  the  average  in  quality,  and  only 
wish  that  I  could  say  better  things  for  them.  The  blight  has  also 
been  very  severe  on  the  Russian  apple  trees  this  year,  which  seems  to 
be  the  most  serious  defect,  next  to  their  scarcity  of  late-keeping 
varieties.  It  may  be  that  some  kinds  now  being  tested  may  prove 
to  be  winter  apples  in  the  United  States.  It  is,  however,  not  to  be 
inferred  that  tliose  which  are  late  keepers  in  Russia  will  be  the  same 
in  season  here,  for  exi)erience  with  many  varieties  from  there  has 
proved  this  to  be  true. 

Tne  varieties  described  in  this  rei)ort  are  such  as  fairly  represent 
this  class  of  apples. 

VARIETIES. 

Jefferies, 

If  I  should  be  asked  to  select  the  choicest  early  autumn  apple 
known  to  me,  I  would  say  the  Jefferies.  It  is  a  chance  seedling  that 
originated  in  Chester  County,  Pa.,  and  was  first  brought  to  public 
notice  by  the  Pennsylvania  Horticultural  Society  about  tlie  year 
1853.  It  has  been  propagated  and  planted  to  a  slight  extent  all  over 
the  country,  and  in  all  cases  heard  of  it  has  been  highly  praised. 
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The  tree  is  of  upright  growth,  forming  a  beautiful  head.  The  twigs 
are  slender  and  of  a  reddish  color.  The  leaves  are  rather  narrow 
and  brii^lit  i^roon. 

It  l)egins  to  l)oar  early,  and  is  one  of  the  most  constant  aiid  abun-^ 
(lant  bearers  of  which  1  have  any  knowledge.  No  family  orchard 
should  be  without  it,  and  for  market  I  have  good  authority  for  highly 
TM'coniniendiiig  it.  .  ■    •  ' 

The  illustration  on  Plate  No.  1  was  made  from  a  specimen  grown 
by  Rev.  S.  M.  Irwin,  of  Geneva,  Kans. 

Size,  medium:  shape,  flat,  slightly  conical,  regular;  surface,  smooth, 
yellow,  profusely  covered  with  carmine  stnpes  and  crimson  splashes; 
dots,  large,  light,  scattering;  basin,  medium,  regular;  eye,  closed; 
cavity,  rather  deep,  sloping,  slightly  russeted;  stem,  short-  core, 
medium,  meeting  tne  eye;  seeds,  numerous,  plum]):  flavor,  sub-acid, 
rich,  aromatic;  quality,  best;  season,  August  and  8ei)tember  in  the 
Middle  States. 

Borovitika  (No.  245). 

This  is  one  of  the  varieties  impoi*ted  from  Russia  in  1860  by  the 
U.  S.  Department  of  Agriculture  and  distributed  under  the  number 
"245."  The  specimen  from  which  the  accompanying  Plate  No.  9 
^ig.  1),  was  made,  was  grown  this  year  by  Cf.  G.  Patten,  Charles 
Citv,  Iowa. 

Size,  medium,  diameters  2  by  2f|,  axial.  If;  shape,  flattened  oval, 
regular,  unequal:  base,  wavy:  surface,  uneven,  greenish-white,  mot- 
tled, splashed  and  striped  witii  red;  dots,  minute,  white;  basin,  shal- 
low, dished,  little  crimped;  calyx,  closed,  segments  broad  and  long, 
eye  dee]);  cavity,  abrupt,  deep,  and  regular-  stem,  very  long,  slender; 
core,  large,  broad,  flat,  closed;  seeds,  round,  flat,  dark-brown;  flesh, 
yelhjw,  tender,  grainy,  dry;  flavor,  mild,  sub-acid,  pleasant,  not  much 
character;  quality,  poor;  season,  September  in  Iowa. 

Prolific  Sweeting  (No.  351). 

Of  all  the  Russian  api)les  that  I  have  t.asted  so  far  this  is  the  best 
in  quality.  It  was  groAvn  by  Dr.  T.  H.  Hoskins,  Newport,  Vt.  (See 
Plate  No.  9,  Fig.  2.) 

Size,  medium,  2|  by  3i,  axial  1|;  shape,  irregular,  flattened  coni- 
cal, base  and  apex  very  irregular;  surface,  smooth,  yellowish-white, 
tinged  with  green;  dots,  many,  minute,  indistinct,  white,  also  a  few 
are  distinct  and  of  a  russet  color;  basin,  broa<l,  shallow,  irregular, 
and  very  much  folded;  calyx,  small,  closed;  eye,  closed;  cavity,  irreg- 
ular, (lee[),  a  little  light  russet:  stem,  medium  thick,  curvea,  light- 
^aecii;  vow,  medium,  closed,  clasping,  ''watery;"  seeds,  numerous, 
broad,  liat,  light-brown;  flesh,  white,  fine  grained,  firm,  juicy,  clear 
water-spots:  flavor,  sweet,  very  pleasant;  quality,  good;  season,  Sep- 
tember in  Vermont. 

Zolotoreff  (No.  275). 

{4I•()\^'Jl  bv  C.  G.  Patten,  Charles  City,  Iowa.     (See  Plate  No.  10, 

Siz(\  2 1  by  2|,  axial  If;  shape,  irregular,  flattened;  surface,  smooth, 
(io\nv  whit(\  slightly  blusheil  and  faintly  striped  on  one  side;  dots, 
minute,  white:  basin,  shallow,  irregular;  calyx,  large,  open,  seg- 
ments short  and  broad,  far  apart;  eye,  broad  and  open;  cavity,  shal^ 
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low, 
core 


irregular,  russet;  stem,  short,  thick,  fleshy,  lipped,  inclined; 
__.,  larffe,  clasping;  seeds,  large,  brown;  flesh,  white,  coarse  ana 
grainy,  dry;  flavor,  acid,  unj^leasant;  quality,  very  poor;  season^ 
September  in  Iowa. 

Bed  Transparent  (No.  333). 

Grown  by  C.  G.  Patten,  Charles  City,  Iowa.  (See  Plate  No.  10, 
Fig.  2.) 

Size,  medium,  2^  by  21,  axial,  If;  shape,  flat,  irregular,  angular, 
unequal;  surface,  smooth,  green,  lightly  mottled  ana  striped  with 
red,  thin,  white  bloom;  basin,  shallow,  narrow,  irregular;  calyx, 
closed;  eye,  round,  short;  cavity,  nearly  none,  dark  green  about 
stem;  stem,  very  short,  woolly;  core,  large,  open;  seeds,  few,  very 
broad,  almost  round,  flat;  flesh,  greenish-white,  tough,  juicy;  flavor, 
sour,  acrid,  astringent,  disagreeable;  quality,  poor;  season,  Septem- 
ber in  Iowa. 

THE   PEAR. 

There  are  several  new  varieties  of  this  fruit  coming  to  notice  each 
year,  and  I  have  selected  two  of  the  best  for  illustration  and  special 
description. 

Wilder. 

Among  the  midsummer  pears  there  is  none  that  pleases  me  better 
than  this  one,  except  that  its  size  is  rather  small.  But  like  the 
Seckel,  what  it  lacks  in  size  it  makes  up  in  quality,  although  it  is 
larger  than  that  variety.  It  is  a  chance  seedline  found  in  Chautauqua 
County,  N.  Y.  The  original  tree  was  partially  grafted  with  scions 
of  Bunum  in  1870,  when  it  was  young,  and  would  never  have  borne 
any  fruit  except  of  this  old  variety  had  not  three  of  the  natural 
branches  been  left.  These  bear  profusely,  and  the  fruit  when  fully 
colored  is  quite  attractive.     It  doos  not  rot  at  the  core. 

Size,  small  to  medium;  shape,  pyraform,  bell-shaped,  irregular,  a 
little  angular;  surface,  smooth,  pale-yellow  ground  with  deep  shad- 
ing of  brownish-carmine;  dots,  very  numerous  and  small;  basin, 
shallow,  regular  J  eye,  nearly  closed,  sepals  long  and  reflexea;  apex, 
rather  abrupt  with  a  slight  cavity;  stem,  short;  core,  closed,  very 
small;  seeds,  very  small,  narrow,  pointed,  dark;  flesh,  very  pale, 
whitish-yellow,  finegrained,  tender;  flavor,  subacid,  sprightly,  much 
like  Bartlett;  quality,  very  good;  season,  August,  in  western  New 
York. 

The  colored  drawing  on  Plate  No.  3  was  made  August  10,  1888, 
from  a  specimen  sent  by  Charles  A.  Green,  of  Rochester,  N.  Y. 

Idaho, 

This  pear  has  been  attracting  so  much  attention  and  is  of  such  real 
value  tliat  I  take  pleasure  in  giving  it  a  place  in  this  report.  It  is  a 
variety  raised  from  seed  savetl  from  an  unknown  variety  and  planted 
about  the  year  18G7  by  Mrs.  Mulkey,  of  Lewiston,  Idaho,  and  first 
brought  to  public  notice  in  the  fall  of  1886  by  Mr.  John  H.  Evans, 
of  that  place.  It  has  been  stated  in  some  of  the  papers  that  it  is  of 
Chinese  parentage,  *'  similar  to  Keiffer,"  but  my  opinion  is  that  this 
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is  a  mistake,  for  the  fruit  bears  no  resemblance  to  iSiat  class  either 
in  flavor  or  texture.  It  is  much  like  Angouleme  in  both  these,  char- 
acters. 

Specimens  received  at  this  office  October  4,  1888,  from  Mr.  Evans 
were  in  fine  condition,  and  the  illustration  on  Plate  No.  2  of  this  re- 
port is  as  near  exact  in  color,  size,  and  shape  as  could  be  made,  and 
is  not  exaggerated  in  any  respect.  The  original  tree  began  to  bear 
fruit  four  years  from  the  seedC  I  would  recommend  it  for  extensive 
trial,  as  the  tree  has  already  proven  itself  to  be  hardy  in  several 
northern  States. 

Size  of  fruit  from  4  to  4^  inches  diameter;  shape,  a  little  flattened, 
tapering  slightly  both  ways  from  the  center,  quite  irregular,  de- 
pressed at  tne  stem:  surface,  rou^h  and  uneven,  yellow  or  straw 
color,  with  a  faint  blush  or  browmsh-red  on  the  simny  side,  and  a 
few  bronzed  blotches;  dots,  minute,  dark,  and  verv  numerous;  basin, 
deep,  flaring,  very  irregular  or  ribbed,  and  thickly  covered  with  fine 
brown  dots;  cavity,  medium,  abrupt,  irrejndar;  stem,  stout  and 
rather  long;  core,  very  small;  seeds,  few;  flesh,  almost  white,  fine 

trained,  buttery,  melting,  lacks  the  grit  so  often  found  in  pears; 
avor,  sweet,  to  nuld  subacid^  rich  and  aromatic,  juicy;  quality,  very 
good;  season,  September  in  Idaho. 

THE  PLX7M. 

Plum  culture  seems  to  be  getting  more  popular  as  the  improved 
varieties  of  the  native  American  species  become  known,  and  also  the 
benefit  of  spraying  with  arsenical  mixtures  to  prevent  the  depreda- 
tions of  the  curculio. 

Waylcmd. 

Among  the  host  of  native  American  plums  that  have  been  brought 
to  notice  this  is  the  best  one  I  have  yex  tasted. 
Concerning  the  history  of  this  plum  Mr.  T.  V.  Munson  has  given 

the  following: 

Downer  &  Brother,  of  Fairview,  iv.,  wrote  me,  November  8, 1888,  in  answer  to 
my  question  for  its  origin,  etc.,  the  following: 

''As  to  orifidn  of  Wajland  Plum,  it  was  sent  us  (J.  S.  Downer  ft  Sons),  dnxlng 
father's  Ufe.  by  Prof.  H.  B.  Wayland,  of  Cadiz,  Ky.  We  undeJiBtood  it  to  be  a 
seedhng  on  Ms  i)remi8es,  as  he  said  it  was  in  a  plum  thicket.  We  named  tiiis  one 
Wayland.  We  introduced  it  but  have  lost  si^^  of  FkofeeBor  Waykmd;  do  not  know 
that  he  yet  lives." 

It  is  of  the  same  type  or  species  as  the  Golden  Beanty  (disoovered  dmring  the  cML 
war,  in  western  Texas,  on  the  Colorado  Biver),  diiwcafnmated  hjr  Q.  Qndeiraonk,  and 
the  £[anawha  plum,  disseminated  years  ago  by  P.  J.  Becokmauk  Tbe  orkpboL  oJP  the 
latter  I  do  not  know.    I  suspect  the  Wayland  is  a  ijeedHng  of  llie  KanawSa. 

Last  August,  when  on  a  tour  of  investigaftion  of  nathne  grapes  and  oCher  wild 
fruits,  I  found  a  thicket  of  plum  trees  of  the  same  ofaancter  as  the  Wayland^  being 
full  of  late  fruit  similar  to  that  variety.  I  consider  theae  all  of  llie  aame  species— 
Pruniis  umbellata,  with  whose  botanxsal  deacriptkm  tbfiy  pretty  ^(^H  agree.  Thegr 
are  certainly  not  of  the  Chicasa  species,  as  commonly  simpoaedi  • 

The  curcuUo  may  deposit  oggs  m  the  yoong  fnitt.  bos  no  algns  of  than  oan  be 
discovered  in  the  mature  fruit.  Neither  are  they  affected  wllfa  rot  in  tiiis  region,  aa 
are  the  varieties  of  Pruntia  domestiea,  or  Eozopean  Phun,  and  the  WQd  Gooaa, 
sometimes. 

They  ripen  here  in  the  last  of  August  and  first  of  September,  about  with  the  Heath 
Cling  peach. 

The  stone  is  small,  smooth,  and  ellipsoidaL  The  froit  makes  fine  JWy*  jam,  and 
preserves,  and  also  cans  well.    No  Mack  knot  or  ottwr  disease  yetnoflcea  on  any  of 

thin  class. 
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In  size  it  is  fully  as  large  as  Wild  Gooso,  nearly  round  in  shape, 
and  of  a  brilliant  reddish  purple.  The  season  is  (luite  late,  in  fact  the 
latest  of  any  good  native  American  i)luni  that  I  haw  seen .  The  (juality 
is  very  good,  and  when  cooked  it  is  not  sour  as  is  the  case  with  nearly 
all  native  varieties.  In  productiveness  it  is  not  excelled,  a  statement 
that  I  have  the  best  of  evidence  to  confirm.  The  illustration  on  Plate 
No.  5  was  made  f  n^m  specimens  sent  me  and  grown  by  T.  V".  Munson, 
of  Denison,  Tex. 

Clyman. 

The  subject  of  this  sketch  is  not  only  a  novelty  but  a  noteworthy 
departure  from  the  usual  type  of  the  varieties  of  the  garden  plum  of 
Europe — Pruniis  domestica.  It  grew  from  a  seed  planted  in  18G6 
by  Mrs.  Clyman  in  the  Napa  Valley,  in  Californiaj  and  is  supposed 
to  have  been  taken  from  the  old  '^Peacli''  plum.  It  first  attracted 
attention  by  maturing  its  fruit  long  before  any  other  plum  of  this 
family,  being  about  with  Wild  Goose.  The  original  tree  having 
outgrown  its  surroundings  tliree  sprouts  were  dug  from  the  roots, 
which  are  now  ten  years  old,  and  have  ]>orne  fruit  continuously  for 
the  last  six  or  seven  years.  The  tree  is  a  very  vigorous  grower  and 
the  leaves  are  extremely  large,  as  samj)les  of  young  shoots  received 
from  California  this  year  testify.  On  the  b(»ariiig  branches  they  are 
much  smaller,  as  the  accompanying  plate,  Xo.  4,  shows. 

The  first  ripe  fruit  was  picked  this  year  at  Napa  City,  Cal.,  on 
June  15,  which  is  fully  four  to  six  weeks  in  advance  oi  ordinary'' 
plums.  Of  course  it  may  be  expected  to  be  subject  to  the  attacks 
of  the  curculio,  and  should  only  be  grown  where  a  n^asonable  degree 
of  immimity  exists,  or  by  tliose  wlio  expect  to  use  defensive  means 
against  this  dread  enemy. 

The  fruit  is  round  in  sliape.  slightly  flattened  at  the  end  oi)posite 
the  stem,  with  a  distinct  suture  on  one  side.  The  skin  is  a  dark 
purple,  with  a  heavy  bloom  over  all,  which  gives  it  a  rich  bluish 
color.  The  flesh  is  yellow,  firm,  and  of  delicious  flavor.  When  ripe 
it  is  a  perfect  freestone.  The  prin(!i})al  merit  over  the  old  vaiieties 
lies  in  its  earliness,  which  makes  it  x)rofitable  for  market  purposes 
long  before  all  other  plums  of  this  class. 

I  am  indebted  to  Mr.  Leonard  Coates,  of  Naj^a  City,  Cal.,  for  the 
specimens  and  the  information  here  given. 

• 

THE  PEACH. 

The  peach  crop  this  year  was  unusually  good  over  a  greixt  part  of 
the  United  States,  and  generally  of  superior  quality. 

The  peninsula  which  comprises  Delaware  and  a  part  of  Mar-xhmd 
is,  pernaps,  i\\Q  mecca  of  the  peach-grower,  Imt  that  dread  (-ix^ase, 
'*the  yellows,"  is  making  sad  inroads  upon  tlie  industry  tiiere. 
But  as  the  subject  is  now  oeing  thoroughly  inv(\stigated  by  tlie  best 
scientific  experts  to  determine  the  cause,  and,  if  })ossible,  a  remedy, 
it  is  hoi)ed  to  be  able  to  check,  if  not  to  overcome  it. 

The  ])eaches  of  California  are  attracting  much  attention  in  the 
markets  of  Chicago  and  otlu^r  of  the  more  northern  and  central 
cities,  where  they  are  received  in  the  fresh  state,  and  the  dried  and 
presei'ved  product  from  that  State  is  also  becoining  very  ])Opular. 

Parts  of  Arizona  and  New  Mexico  are  well  suited  to  peach  culture, 
and  will  in  time  come  more  i)rominently  before  public  notice  in  this 


regard.  The  extreme  southern  parts  of  the  Union  are  forced  to  cul- 
tivate a  (iiiite  different  class  of  varieties  from  those  grown  in  what  is 
known  as  tlie  peacli-^rowing  sections.  This  matter  is  set  forth  very 
plainly  in  my  annual  report  of  last  year  (1887). 

The  Facts  seem  to  be  that  there  is  not  enough  cool  weather  in  the 
greater  part  of  Florida  to  afford  sufficient  cessation  of  growth  in  the 
ordinai'y  kinds  of  peaches,  and  they  either  bloom  at  a  time  when 
tlii^y  are  killed  by  frost  or  do  not  bloom  at  all.  In  short,  this  strain 
of  the  })each  family  is  out  of  climate  there. 

But  Avhen  the  Peen-to  was  introduced  from  China,  an  impetus  was 
giv'.'n  to  peach-growing  in  Florida.  This  variety  soon  bore  fruit, 
and  altiiough  small  and  of  a  peculiarly  bitterish  flavor,  it  was  far 
better  than  none.  The  peculiar  flattened  shape  made  it  a  novelty, 
but  its  extreme  earliness  was  the  peculiar  point  of  value,  as  it  en- 
abled the  gi-ower  to  place  ripe  peaches  on  the  markets  of  the  North 
dui'ing  the  early  part  of  May. 

Seedlings  of  the  Peen-to  were  soon  produced,  which  in  some  cases 
retained  the  flattened  shape,  and  some  were  like  ordinary  peaches. 

BiihceWs  Early, 

Mr.  I.  A.  Bidwell  (now  deceased)  began  the  planting  of  seeds  of 
Peen-to  in  the  winter  of  1(S<S2.  Two  of  the  first  nine  seedlings  that 
li(»  grew  were  exactly  alike  in  all  resj^ects,  and  produced  fruit  so  dif- 
f(>r(Mit  from  and  so  much  better  than  the  parent  that  it  was  named 
in  his  honor. 

In  size  it  is  from  1  to  2  inches  in  diameter,  of  an  oblong  shape,  and 
pointed  a  little  to  oi;e  side  of  the  center.  The  color  is  a  creamy  white 
with  (lelicHte  ])lnsh  on  the  sunny  side.  The  stone  is  rather  small  and 
la] )( ^I'ing,  ( )tt  en  split  at  the  base  and  to  which  the  flesh  adheres  slightly. 
Saiii])les  were  sent  me  for  two  years  past  by  Mr.  James  Mott,  of  Or- 
lando, Fla.,  and  the  picture  on  Plate  No.  G  was  made  from  one  of 
theni. 

Th(M*e  are  nuuiy  (^ther  new  seedlings  of  this  character  lately  orig- 
inated ill  Florida,  and  some  of  them  may  in  time  prove  to  be  more 
valuable  than  this  one. 

'Jlie  Du'ftrf  Juneherrij  {AmeJanchier  ohlongifolia). 

Xearly  every  person  familiar  with  the  trees  and  plants  of  his  own 
State  lias  gathered  and  eaten  the  Juneberry,  or  as  soihe  call  it,  "Serv- 
icelxnTv.''  The  common  species  is  a  small  tree,  and  there  are  few 
country  hoys  in  the  Central  States  who  have  not  climbed  the  trees  in 
the  early  summer  for  their  toothsome  berries.  There  is,  however, 
another  branch  of  this  botanical  genus,  which  some  claim  is  a  dis- 
tinrt  s])ecies,  and  others  that  it  only  a  sub-species,  that  is  of  dwarfish 
growth,  l)eing  about  4  feet  in  height,  and  in  manner  of  growth 
niuili  like  the  wild  hazel.  It  is  found  wild  in  somepartsof  the  Alle- 
ghany ]\[ounlains  and  in  the  Lake  Superior  regions  and  westward. 
It  stH'uis  to  me  that  there  are  specific  characters  sufficient  to  make  at 
least  two  species  of  Amelauchier,  if  not  several,  among  these  dwarf 
forms. 

At  least  one  of  them  (^-1.  ohlomjifolia)  thrives  well  under  cultiva- 
tiun  wvA  is  bcconnng  quite  popular  as  a  small  fruit,  especially  in  the 
])rairii'  States  w(}st  of  the  Mississippi  River,  although  not  native  in 
that  region  so  far  as  I  know.    There  are  several  varieties  which  differ 
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slightly  in  height  of  bush  and  color  and  shape  of  foliage.  The  fruit 
also  varies  a  little  in  color  but  is  generally  a  dark  purple  when  fully 
npe.  One  variety  in  Missouri  is  said  to  be  white.  The  fruit  i^  a 
berry-like  pome,  nearly  the  shape  and  size  of  the  common  huckle- 
berry. The  flavor  is  sweet,  or  mild  subacid,  and  by  some  thought 
to  be  too  sweet  for  cooking  purposes.  It  is  very  nice  when  made 
into  sauce  or  pies  mixed  with  green  gooseberries,  as  the  sharp  acid 
of  one  and  the  sugar  of  the  other  seem  to  make  a  very  good  combi- 
nation. I  do  not  think  it  will  ever  rank  equal  witli  some  of  our 
leading  small  fruits;  but  it  is  certainly  well  worth  a  place  in  a  family 
berry  patch. 

The  plants  propagate  from  suckers  that  spring  up  near  the  base  of 
the  bushes,  but  do  not  become  a  nuisance.  They  should  be  set  about 
2  or  3  feet  apart  in  rows  8  feet  apart  and  where  they  will  never  need 
moving,  for  once  planted  they  will  continue  for  one's  life-time.  There 
are  no  thorns,  and  insects  do  not  seem  to  prey  upon  either  plant  or 
foliage  or  fruit.  They  transplant  -easily  and  are  remarkably  hardy 
from  the  Great  Xakes  to  the  Gulf.  I  have  known  plantations  in 
Kansas,  Nebraska,  and  Illinois  for  the  last  fifteen  years,  and  they 
have  never  been  killed  by  the  heat  of  summer  or  the  cold  of  win- 
ter, and  one  large  patch  on  my  own  farm  has  never  failed  to  bear 
abundantly  in  all  that  time. 

Success. 

This  is  a  variety  of  the  Juneberry  that  I  prize  more  than  any  that 
I  have  ever  tasted,  and  a  colored  illustration  of  it  may  be  seen  on 
Plate  No.  7  in  this  report.  It  is  now  being  sold  by  some  of  the  lead- 
ing nurseries  af  reasonable  prices.  i 

T%e  Pepino  {Solanum  Ouatamalense), 

This  plant  is  also  called  the  * '  Melon  Shrub,"  and  has  been  quite  thor- 
oughly tested  in  the  United  States  and  found  to  succeed  only  in  a 
very  rew  places  in  Florida  and  California.  It  came  originally  from 
Peru  and  Guatemala.  It  was  first  brought  to  California  by  a  Mr. 
Grelech,  of  Los  Angeles.  It  has  been  so  well  described  by  him  that 
I  give  an  extract  from  what  he  says  regarding  it: 

The  Melon  Shrub,  as  it  grows  in  the  Central  American  highlands,  is,  as  the  name 
defines  it,  a  shrub.  It  reaches  at  its  best  2  or  3  feet  each  way,  but  is  generally 
smaller,  and  recalls  in  many  respects  the  Chili  pepper  vine,  the  tomato,  or  tne  night- 
shade. The  flowers  resemble  those  of  the  Cliili  pepper,  are  very  numerous  and  of 
a  beautiful  violet  color,  and  are  most  charming  when  used  in  floral  decorations 
The  plants  should  be  set  in  rows  4  feet  apart  and  3  feet  in  the  rows.  A  month  and 
a  half  after  being  set  out  the  fruit  will  begin  to  set,  and  in  three  months  after  plant- 
ing the  fruit  will  ripen  and  continue  to  rii)en  until  checked  by  frost.  The  fruit  is 
of  the  size  of  a  hen  or  goose  egg,  or  even  larger,  and  very  much  of  the  same  shape. 
The  color  is  lemon  or  pale  orange  ^vith  streaks  or  waves  of  bright  violet,  the  whole 
making  a  fruit  unrivaled  in  beauty.  The  interior  of  the  fruit  is  a  solid  pulp  similar 
to  that  of  a  pear,  also  of  a  pale-yellow  color,  and  of  a  taste  resembling  that  of  a 
fine  musk-melon,  but  which  nas  besides  a  most  charming  acid,  so  wholesome  and  so 
delicious  that  when  the  fruit  is  partaken  of  on  a  very  warm  day  it  allays  the  thirst 
for  several  hours.  The  plant  is  an  enormous  vielder.  I  have  seen  plants  of  small 
size,  say  2  by  2  feet,  bear  30  large  fruits,  which  from  theu*  size  and  weight  pressed 
the  branches  to  the  ground,  and  thus  formed  a  most  beautiful  border  all  around  the 
plant. 

The  Melon  Shrub  can  stand  light  frost,  but  heavy  frost  will  cut  it  to  the  groond. 
Tlie  dead  branches  should  then  be  cut  off,  the  plants  covered  with  an  inch  or  so  of 
straw,  and  it  will,  if  so  protected,  start  up  in  the  spring  as  vigorously  as  before. 

Having  decided  upon  the  merits  of  this  plant,  and  being  satisfied  that  it  will  be- 


EEPORT  OF  THE  POMOLOGIST.  577 

come  a  most  welcome  addition  to  the  fruit  not  only  of  California  but  of  all  the 
Middle  and  Southern  States  of  the  Union,  we  decided  to  bring  tho  same  with  us  to 
California  and  try  it  hero.  After  a  good  deal  of  trouble,  and  I  must  say  no  little 
expense  and  anxiety,  we  have  now  eminently  succeeded.  Our  experience  has  been, 
we  think,  most  valuable  to  us.  The  Melon  Shrub  grows  in  CaUmrnia  even  better 
than  in  Central  America,  and  the  fruit  is  decidedly  superior. 

The  following  paper  on  "Our' Cultivated  Fruits,  Native  and  In- 
troduced "  was  prepared  for  publication  by  your  direction,  and  al- 
though it  covers  a  part  of  the  same  subject  treated  more  fully  in  a 
special  report  on  "Tropical  and  Semi-tropical  Fruits,"  issued  by  this 
Division  last  year,  yet  1  trust  it  will  serve  a  good  purpose  to  have  it 
appear  in  this  report. 

Thanking  you  tor  the  very  deep  interest  you  have  constantly  shown 
in  the  work  of  this  Division,  I  am,  sir, 
Most  respectfully, 

H.  E.  Van  Deman, 
Hon.  Norman  J.  Colman,  PomologisL 

Commissioner  of  Agriculture. 


OUR  CULTIVATED  FRUITS— NATIVE  AND  INTRODUCED, 
[A  paper  prepared  by  W.  H.  Ragan,  of  Greencastle,  Ind.,  under  the  supervision  of  the  Pomologist.] 

Horticulture  is  truly  "  an  art  which  does  mend  nature."  Were  it  possible  for  us 
to  return  even  to  medieval  times  and  compare  the  conditions  of  pomology  in  those 
days  with  the  present,  we  would  certainly  recognize  the  wonderful  influence  which 
man  has  wrought  upon  the  fruits  of  the  garden  and  the  orchard. 

The  edible  fruits  of  those  early  days  were  few  in  numbers  and  but  slightly  re- 
moved from  the  original  types  of  the  species  to  which  they  may  have  belonged. 
The  liberal  Hand  which  has  so  boimteously  blessed  us  with  the  luscious  fruits  of 
our  gardens,  wisely  designed  that  we  should  earn,  to  some  extent,  through  acquired 
skill  and  knowledge  gained  by  experience  and  observation,  an  influence  over  the 
fruits,  which  should  enable  us  to  so  modify  and  change  their  natures  as  to  better 
please  and  satisfy  us.  What  we  may  assume  to  be  an  improvement  upon  nature 
may,  however,  onlj'^  be  a  delusion,  for  in  reality  the  perfect  type  of  the  species  is 
that  which  is  nearest  to  the  hand  of  the  Maker.  Hence,  the  tree  with  its  Jmarled 
body  and  thorny  branches,  and  its  load  of  austere,  seedy  crabs,  was  placed  before  us  as 
a  perfect  type  of  the  apple.  In  this  were  combined  perfect  health  and  vigor  of  tree 
with  all  the  qualities  necessary  to  the  fighting  of  its  own  battles,  and  with  procre- 
ative  powers  sufficient  to  insure  the  perpetuation  of  its  species  and  the  reproauction 
of  offspring,  without  limit,  which  should,  in  turn,  possess  the  same  qualities  of 
perfection. 

This  was  the  original  apple,  each  generation  of  which,  in  a  state  of  nature,  was  an 
exact  counterpart  of  the  generation  preceding  it — the  same  wild,  thorny  tree  and 
tlie  same  seedy,  acid  fruit.  But  man  did  not  highly  value  some  of  these  qualities 
of  perfection  in  the  original  species.  He  cared  not  for  the  numerous  s^eds,  nor  for 
tlie  knots  and  thorns  with  which  the  tree  was  protected,  as  by  an  armor.  It  was 
the  pulpy,  edible  envelope  that  surrounded  the  seeds  that  he  prized,  not  caring 
whether  this,  to  him,  desirable  portion  covered,  protected  from  harm,  and  nurtured 
tlio  germs  of  future  generations  or  not,  so  his  wants  were  supplied. 

It  has  already  been  said  that  man  was  given  certain  influence  over  these  wild  prod- 
ucts of  nature,  which  he  could  only  discover  by  the  slow  process  of  practical  ex- 
perience and  observation.  As  man  was  given  **  dominion  over  the  beasts  of  the 
lields,"  so  he  also  was  endowed  with  powers  to  subdue  the  wild  habits  of  the  fruits 
(»f  t}ie  forests  and  groves  about  him.  The  rational  and  intelligent  way  of  accom- 
plisliin.2;  these  results  was,  first,  by  removing  the  tree  or  plant  from  its  wild  surround- 
inc:s,  where  it  must  struggle  for  existence,  and  placing  it  imder  his  protecting  care. 
^viicre  it  might  be  supplied  with  all  needed  elements  of  i^ant  food;  and,  second,  by 
judicious  and  careful  selection  of  seeds  and  germs,  for  the  propagation  of  other  and 
iinj>roA  ed  generations  of  offspring. 

By  these  processes  the  rough,  wild,  self-reliant  and  self -perpetuating  nature  is 
gradually  and  surely  overcome,  and  what  was  once  an  untuned  species  becomes 
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domestic.-itcHl — trained  to  Sjxnl;  into  varieties  and  forms  widely  differing  from  the 
original.  Thus,  generatimis  of  uiiconscious  experinienters  have  gone  before  us  in 
this  interesting  and  profitable  work,  the  results  U^ing  manifested  so  slowly  as  to 
overtax  the  patien(?e  of  any  but  a  hoi)eful  hoiticulturist.  i'ach  age  of  experimenters 
leavin;;,  i)erhai)s,  but  little  beyond  a  visible  evitlenee  of  progr«*Rs. 

This  ])ro<  OSS  of  douiestieating  and  subduing  our  natural  fruits  progressed,  until 
man.  from  l)eing  a  mere  experimenter,  l)ect)mt*s  a  scientist;  from  the  i'e^ults  being 
simply  accidental,  they  become  almost  definite,  under  the  c\>nt rolling  influence  of 
the  art  of  horticulture. 

HOHTICULTURE  AN   ART. 

We  have  said  that  horticulture  was  an  art.  Its  trium])lis  consist  in  molding,  to 
a  certain  extent,  nature's  plants  and  their  products  to  siiit  our  fancies  and  our  tastes. 
Botiiny  Ls  a  science  which  tinds  in  the  ])lantsof  nature  the  iXfrfecjt  tvi)e8  of  a  species. 
A  fruit,  botanically  speaking,  is  the  natural  <a  ule:  the  portion  of  tlie  plant  canable 
under  favorable  circumstances  and  conditions  of  reproclucing  its  8pe<!ies.  A  iniit, 
pomologically  considered,  is  the  pulpy  edible  enveloi)e  or  receptacle  on  which,  or  in 
which,  the  ovules  are  aupjxjrted  and  matured.  The  fi*uit  botanical  is  not  the  fruit 
sought  to  be  improved  and  develojx^d  through  the  arts  of  horticulture,  but  the  fruit 
pomological.  Seeds  and  germs  are  of  secondary  imix)rtance  to  the  horticulturist, 
since  they  are  valueless  only  as  they  serve  his  purjioses  in  the  rei)roduction  of  new 
varii'ties,  his  art  and  ac(juired  skill  enabling  him,  when  once  a  desirable  variety  is 
produced,  to  perj^etuate  it  without  again  resorting  to  seeds.  Thus  we  find  our  cul- 
tivated fruits,  especially  those  most  highly  develojjed  and  therefore  most  liighly 
prized,  to  possess  fewer  and  smaller  seetls  in  ^>roj)ortion  to  bulk  and  t>ther  desirable 
qualities  than  the  original  species  in  a  state  ol  nature.  Indeed,  tliese  improvements 
liave  been  cari'ied  so  far  in  case  of  the  cultivateil  banana  and  souie  varieties  of 
gr.apes,  i>ears,  oranges,  and  other  fruits  as  to  have  almost  entirely  eliminated  the 
seeds,  leaving  only  the  desirables  edible  portion. 

It  is  also  i>ossible  to  cultivate,  with  a  given  objetrt  in  view,  until  varieties  are  so 
thoroughly  establishetl,  as  in  (!ase  of  the  Heath  ix^ach,  that  they  will  reproduce  them- 
selves from  seed,  or  varieties  so  closely  resimibling  the  i;ari»nt  as  to  be  readily  recog- 
nized by  family  features  and  characteristics.  The  <liscovery  and  recognition  of 
these  results  have  directe<l  and  encouraged  the  intelligent  iK>mologist  further  and 
further  in  the  line  of  investigation  and  experiment  until,  as  above  noted,  he  haa 
become  in  reality  a  scientist  in  the  trium|)hs  of  the  arts  of  horticulture. 

Notwithstanding  the  advanced  conditions  of  fruit  breeding,  scientifically  con- 
sidered, and  the  great  success  which  attends  cross-fertilization  and  hybridization  as 
a  means  of  securing  new  and  desirable  qualities,  a  large  i)er  cent,  of  our  cultivated 
varieties,  and  many  of  them  ])ossessing  the  highest  merit,  are,  and  will  continue  to 
be,  accidental  seedlings,  as  will  also  a  large  proportion  of  seedlings  grown  from 
artificially  fertilized  seed  prove  to  be  worthless. 

The  effect  upon  tree  or  plant  resulting  from  this  process  of  **  mending  nature,** 
which  the  horticulturist  luis  Ixsen  engaging  in,  while  securing  desirable  improve- 
ments in  their  fruits,  has  alrc?ady  been  huited  at.  In  a  state  of  nature  there  existed 
a  perfect  equilibrium  of  forces.  Then,  again,  each  s])ecie8  was  planted  by  nature 
in  soil  and  climate  congenial  to  it.  Man  has  interfered  with  l>oth:  he  has  disturbed 
the  one  by  selections  and  by  cultivation  with  a  given  object  in  view,  while  he  has 
sought  to  adapt  a  six^cies,  limited  by  nature  to  a  small  area  of  territory,  to  vast  dis- 
tricts with  greatly  varying  climatic  conditions.  Thus  he  has  iirst  weakened  vitality 
by  tlie  neglect  of  natural  qualities,  and,  secon<l.  he  has  tranhj)lanted  the  species  into 
uncongenial  soils  and  climates. 

Why  should  we  wonder,  then,  that  our  cultivated  fruits  are  so  delicate  in  constitu- 
tion and  so  s(Misitive  to  the  varying  conditions  of  our  fickle  idimateV  Why  should 
we  wonder  that  the  i)each,  a  native  of  hot  and  arid  Persia,  should  refuse  to  yield  its 
luscious  treasures  on  the  bleat  and  frozen  ])lains  of  the  Northwest? 

To  treat  our  subject  in  detail  and  to  avoid  a  mere  compilation  of  descriptions  of 
varieties  of  new  fruits,  oft<.m  highl}'  colored  by  self  interest,  the  republication  of 
which  wt^uld  not  unfre(iuently  prove  of  gi*eatest  value  to  intro<luct»rs,  would  rotjuire 
greater  ]>nu"tical  knowledge  Of  pomology  in  all  its  various  branches  and  in  the 
widely  variiig  s«)i!s  and  climates  of  the  United  Slati-s  than  the  writer  i»resuuios 
to  |K>ssess.  II(  lice  t  he  descriptive-<*atalogue  plan  of  treatment  is^ulKindonea  in  favor 
of  the  m(;re  general  one  following: 

TuK  Apple  {Ptjnis  inalus). 

Of  introduced  fruits  th"  ai)plc' stands  at  the  head.  The  proct^ss  of  improvement 
of  this  fruit,  as  indeed  of  most  mtroducod  species  of  fruits,  has  been  in 
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from  an  oarly  i)eriod  of  history,  and  is  therefore  very  far  removed  from  the  orig- 
inal lypt^  of  thi'  spocios.  The  multiplication  of  desirable  varieties  has,  however, 
Ikh'11  <::n'atly  ncct'lerati'(^l  within  the  period  covered  by  American  history,  and  largely 
up(»u  American  soil. 

Stoplicii  vSwitzor,  in  the  Practical  Fruit  Gardener^  published  in  London,  in  1723, 
(IcscrilMs  but  twcfity-one  varieties  of  apples  as  then  Known  to  pomolo^sts,  which 
he,  as  the  leading  jxnnologist  of  his  day,  considered  worthy  of  a  place  m  his  \yo6k. 
William  Coxe,  the  tlrst  American  author,  in  1817,  describes  and  illustrates  by  cuts 
one  hundred  and  twAity-three  varieties,  partly  of  American  origin,  but  largely  from 
Eiii( >]><',  wliile  Charles  Downing,  in  his  latest  revision  of  his  brother*s  work,  Fruit 
and  Fruit  Trees  of  America,  published  in  1885,  describes  about  two  thousand  varie- 
ties of  tliis  noble  fruit.  This  large  list  of  varieties,  each  of  which  possesses  merit 
jll^lii'vill.L;  this  noted  author  in  givmg  it  a  place  in  his  cyclopedia  of  American  jx^mol- 
o.i^\ .  is  now  rapidly  ])eing  augmented  by  new  and  promising  sorts  introduceil  from 
Europe^  and  by  accidental  as  well  as  by  artificial  propagation,  cross-breeding,  and 
hvhridiziition. 

A  <;reat  stimulus  to  the  work  of  propagating  and  introducing  new  sorts  of  apples 
hiis  its  basis  in  the  rapid  decay  of  old  and  established  varieties,  from  climatic 
clian^i's,  disejuses,  and  insects,  incident  to  the  settlement  of  our  country  ajid  its 
gradual  conversion  from  a  wilderness  to  a  densely  populous  region.  These  causes 
hav(^  induced  our  enterprising  pomologists  to  searcn  the  remotest  countries  of  the 
civilized  world  an<l  to  encourage  and  foster  every  hope,  having  its  origin  in  new 
\'aricties,  to  gratify  a  disire  to  re-estabUsh  tliis  standard  fruit  in  regions  heretofore 
producint^:  crops  of  a})ples,  and  even  to  adapt  its  culture  in  naturally  uncongenial 
climates  and  soils. 

With  this  commendable  object  in  view,  the  great  Northwest  is  now  being  filled 
with  varieties  from  the  steppes  of  Russia  and  their  hardy  iron-clad  offspring,  while 
the  south  of  EuroiHi  and  Asia  are  being  diligently  searched  for  such  as  may  suc- 
ceed in  the  warmer  jxn'tions  of  our  country.  Mow  far  these  efforts  to  reclaim 
and  re-establish  the  a])[)le  industry  in  our  land  may  prove  entirely  successful  and 
Siitisfactory  is  at  prest:»nt  a  question  only  partially  solved,  but  that  progress  is  being 
made  is  appar(>nt  to  all  close  observers.  There  is  no  section  of  the  country  where  more 
persistiMit.  and  in  reality  where  more  encouraging  effort  is  now  being  put  forth, 
throui::!!  the  z(^:d  and  enthusiasm  of  local  iKunologists,  in  successfully  adapting  Uie 
ai)ple  through  intnxluctions  from  abroad  and  careful  scientific  lireeding  after- 
wards, with  a  view  to  overcoming  almost  insurmountable  climatic  conditions,  than 
in  the  .:^reat  Northwest.  All  honor  and  success  to  the  public-spirited,  liberal-minded, 
intelli^Aent  horticulturists,  who  are  thus  engaged  in  a  work  that  must  prove  a  bless- 
ing to  unborn  generations. 

Our  culti\  at<Hl  aj>ples  and  nearly  all  crabs  are  of  foreign  descent,  the  former  from 
the  wild  ai)])le  iP//ni!^  jnalus)  and  the  latter  from  the  wild  crab  (P.  bacata)  each  of 
northern  Euro])e.  Improved  varieties  of  the  crab  are  now  quite  numerous,  many 
of  which  are  highly  I'steemed  in  the  North  on  account  of  extreme  hardihood  of  tree 
and  fruit.  It  is  thought  by  some  that  the  Wealthy  apple,  of  Minnesota  origin,  alid 
just  ly  popular  in  that  severely  cold  cUmate,  is  an  acciaental  cross  between  these  two 
sptvics. 

The  Pear  (F^7'U8  communis). 

Standing  next  to  the  apple  and  closely  related  botanically  may  be  ranked  the 
peiir,  wliirh  is  also  of  foreign  descent.  It  is  less  generally  cultivated  than  the  apple. 
Altliough  Switztn-  describes  more  varieties  in  1723  than  he  does  of  the  apple,  Down- 
ing .■^  w«)rk  does  not  include  more  than  half  so  man}'.  This  is  doubtless  partially  due 
to  tiie  Idct  that  the  ])ear  succeeds  better  in  Central  Europe  than  in  America.  Until 
witlii  1  recent  years  our  catalogue  of  pears  was  largely  made  up  of  varieties  of  for- 
eig.i  origin.  n»ta!)lv  from  France  and  the  Netherlands. 

i  )iiring  th<>  early  years  of  the  present  century  a  great  impetus  was  given  to  pear 
culiiuv,  through  the  origin  and  dissenuuation  of  new  and  promising  varieties,  by 
Dr.  Knight,  of  England,  and  F*i-ofessor  Van  Mons,  of  BelgiumrThe  methods 
a«i<»|)t<'  I  !)v  tlu.M'  justly  noted  scientific  breeders  of  new  and  improved  varieties 
w.  r"  r;i<li(  ;;lly  (lid(  rent,  the  lirst  consisting  in  cross-fertilization  and  hybridization, 
whif  tilt'  latter  ])ursue<l  the  less  scientific,  though,  in  his  cafie,  quite  successful, 
nu'i'.i'iil  of  hret^ding  by  selections;  that  is,  by  selecting  the  seeds  of  varieties  as 
niarlv  t  h<  <  aigiiial  type  as  possible,  but  already  in  a  state  of  variation,  and  hurrv- 
ing  tin  111  liirough  generation  after  generation  until  satisfactory  results  were  ob- 
tuiu'  (1.  :^lany  tine  varieties,  not  only  of  pears,  but  also  of  other  classes  of  fruits, 
w<  IV  til"  direct  results  of  the  lal)or8  of  these  eminent  gentlemen. 

J  )nri:ig  the  latter  half  of  the  present  century  many  new  and  desirable  varieties  have 
had  their  origin  m  this  country.     Indeed,  Amerioan  varieties  now  largely  pnedomi- 
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nate  in  our  leading  catalogues.  Recent  introductions  of  pears  (like  the  apple  and  otiier 
classes  of  fruits)  have  been  and  are  being  made  from  Northern  Europe,  China, 
and  Japan,  with  special  objects  in  view;  that  of  hardihood  and  freedom  from  dis- 
ease in  the  North  and  West,  and  of  adaptabilitjr  in  the  more  southerly  portions  of 
our  countiy .  Perhaps  the  best  of  those  introductions  in  the  South  are  the  hybrids  and 
cross-breeds  of  the  Asiatic  species,  originating  here,  for  which  are  claimed  a  com- 
bination  of  qualities,  rendenng  them  of  great  value  south  of  the  fortieth  degree  of 
latitude,  especially  for  market  purposes.  The  Keiflfer  and  Le  Conte  are  the  most 
promising  of  these.  They  are  acknowledged  to  be  true  hybrids  between  the  Chineee 
Sand  pear  and  varieties  of  the  species  Pfjrus  cotnmunis,  combining  some  of  the  good 
qualities  of  each.  The  late  introduction  from  the  north  of  Europe  and  their  de- 
scendants are  thought  by  some  to  be  especially  valuable  and  promising  above  the 
fortieth  parallel  of  latitude. 

The  Peach  (Persica  vulgaris). 

Though  a  native  of  Persia  and  the  south  of  Asia,  the  peach  has  become  bo  fully 
acclimated  in  many  sections  of  our  country  as  to  be  justly  entitled  to  a  front  rank 
in  point  of  commercial  value.  It  is  very  successfully  grown  within  the  modifying  in- 
fluence of  the  Great  Lakes  on  our  northern  borders,  also  along  the  Atlantic  and  Piacific 
coasts  as  far  north  as  the  40th  degree  of  latitude,  and  throughout  favored  sections  of 
the  interior.  Wherever  peach  culture  is  fully  successful  it  is  exceedingly  profitaUe, 
and  in  many  sections  not  strictly  of  this  character  the  more  hardy  vaneaes,  if  not 
conumercially  valuable,  may  be  growTi  as  amateur  fniits,  well  worthy  of  the  care 
we  bestow  upon  them. 

The  peach  above  all  our  cultivated  fruits  inclines  to  reproduce  its  like  from  seeds. 
I  do  not  mean  by  this  that  seedlings  may  be  rehed  upon  toproduce  the  same  variety 
as  that  from  which  the  seed  was  taken,  but  most  likely  offspring  of  marked  family 
resemblance.  This  fact  being  generally  known,  gives  rise  to  innumerable  varieties, 
through  the  common  habit,  especially  where  peach  culture  is  not  fully  succeasfol,  of 
trusting  to  seedlings,  as  tliey  are  generally  admitted  to  be  more  hardy.  Many  of 
these  might,  on  account  of  hardihood  of  trees  and  bearing  qualities,  prove  of  great 
value  if  they  were  propagated  and  disseminated,  which,  through  neglect, arelost 
In  strictly  peach  regions,  where  market  qualities  are  desirable,  only  budded  varieties 
are  grown  to  great  extent. 

Here  we  will  find  manifested  commendable  zeal  in  the  origin  and  preservation  of 
desirable  varieties.  The  catalogues  of  peach  niu*series  vie  with  each  other  in  pre- 
senting to  their  customers  new  and  promising  sorts.  Alon^  the  Gulf  coast,  south 
of  the  parallel  of  really  successful  culture  of  ordinary  varieties  of  peach,  experi- 
ments are  being  made  with  a  class  of  peaches  introduced  from  eastern  Asia,  ^tii 
encouraging  results.  From  this  source  varietie  sare  being  produced  which  seem 
to  withstand  the  high  per  cent,  of  atmospheric  humidity  wnich  prevails  in  that 
section.  Of  this  class  the  Peen-to  or  Chinese  flat  peach  seems  to  be  most  promifling. 
An  exchange  says: 

**  In  southern  Florida  the  Peen-to  grows  to  perfection,  especially  in  the  sandy  soil 
of  Orange,  Polk,  and  Volusia  Counties,  where  it  matures  fruit  of  fine  quality  lief  ore 
the  fruit  in  Georgia  or  northern  Florida  is  ripe.  Dr.  Berchmans  says  of  thispes/di: 
*  The  Peen-to,  together  with  the  Honey,  succeed  in  Florida  where  the  other  varie- 
ties of  the  common  or  Persian  strain  prove  of  little  or  no  value.  It  matures  in 
Florida  from  April  15  to  May  10.' " 

The  Nectarine  (P.  vulgaris,  var.  Ic^is), 

This  fruit,  bein^  at  the  most  only  a  subspecies,  or  possibly  only  a  variety  or  sport 
of  the  peach,  ha\'mg  as  its  distinguishing  characteristic  a  smooth  skin,  scarcely  de- 
serves special  mention  here.  It  only  succeeds  where  the  peach  does,  and  even  there 
often  succumbs  to  the  attacks  of  the  curculio,  which,  owing  to  the  absence  of  down 
on  the  skin,  finds  it  an  easy  prey.  Its  cultivated  varieties  are  not  numerous,  and 
perhaps  there  is  little  effort  made  to  greatly  increase  the  list. 

The  Almond  {Amygdalu^  communis). 

Almond  culture  is  indulged  in  to  some  extent  in  portions  of  California.  Votj 
closely  related  to  the  peach,  a  native  of  northern  Africa  and  the  mountains  of  Asia,' 
it  only  succeeds  where  the  peach  may  be  profitably  grown.  There  are  a  number  of 
varieties,  indeed,  almost  distinct  species,  of  the  almond  in  cultivation.  This  fruit, 
if  we  may  apply  the  term  to  it  under  the  strict  rules  of  pomology,  is  only  grown 
for  its  kernel,  which  is  quite  extensively  used,  both  in  its  natural  state  ana  in  con- 
fectionery. Quite  a  conunercial  business  is  done  in  almond  culture  in  portionfl  of 
California,  where  new  and  improved  varieties  are  frequently  met  with.    The  peaoh* 
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nectarine,  plum,  and  apricot  grow  readily  when  woited  on  the  afanand  stock,  hidi- 
eating  the  existence  of  a  cloee  botanical  relationahip  between  tiie  several  speoieB. 

Thb  Apbicot  (Armeniaca  vulgaria). 

Apricot  culture  in  the  United  States  is  limited  to  a  comparatively  small  area  of 
territory,  mainlv  the  Pacific  coast  section.  This  is  largely  due  to  two  causes:  First, 
because  of  its  blooming  so  early  it  is  ver^  liable  in  locanties  subject  to  late  qnring 
frosts  to  be  killed  thereby;  and,  second,  bem^  a  smooth-fddnned  stone-fruit,  it  is  veiy 
subject  to  the  attack  of  curcuho.  For  cannmg  and  ^evaporating  purposes,  as  well  as 
for  use  in  the  fresh  state,  it  is  a  yery  profitable  fruit  in  sections  adapted  to  its  cult- 
ure. Here  new  and  improved  yarieties  are  frequentlv  produced.  The  apricot  oc- 
cupies an  intermediate  place  between  the  plum  and  tne  peach,  perhm  not  being 
closely  enough  related,  botanically,  to  hybridize  with  either,  but  haviW  sufflcieTO 
afiinity  for  each  to  bud  and  graft  successfully  on  both.  It  is  a  native  ox  Southern 
Asia,  and  is  liurgely  grown  in  China  and  Japan,  where  it  is  said  to  be  one  of  the  most 
valuable  fruits. 

The  Quincb  (OycUmia  vutgaris).  i 

There  ore  three  distinct  species  of  the  quince  in  cnltiTation  in  the  United  States; 
the  one  (C  vtdgaris)  for  its  fruit,  and  the  others,  the  Chinese  and  Japanese  speoieB, 
mainly  for  ornament;  *  the  first  from  the  ciW  of  Qydon,  in  Crete^  and  the  others 
from  the  countries  named.  The  quince  is  haroly  aa  edible  fruit  in  its  natural  state, 
though  admirably  adapted  to  preserving  in  various  forms,  especially  in  company 
with  other  fruit,  to  which  it  imparts  a  most  delightful  flavoring.  Its  cultivated 
varieties  are  not  numerous,  though  it  is  very  profitably  grown  in  many  sections  of 
the  country. 

The  Japanese  species  (P.  Japonica)  is  quite  generallT  cultivated  throughout  the 
North  as  an  ornamental  fiowenng  shrub,  while  the  Chmese,  much  less  hardy,  may 
treguently  be  met  with  in  the  South. 

Each  of  these  species  often  bear  fruit  of  fair  sise,  which,  used  for  jelUes,  in  ooa- 
nection  with  other  fruits,  imparis  most  delioate  flavorings.  There  is  no  doubt  but 
that  further  culture,  with  a  view  to  the  development  of  im|»oved  varieties,  may 
result  satisfactorily  in  case  of  these  rather  newly  introduced  species. 

Thb  Fia  (Fieus  eariea). 

Fig  culture,  except  in  California,  is  not  successful  in  the  United  States,  without 
Gvinter  protection,  north  of  the  thirty-second  degree  of  latitude.  Owing  to  the  over- 
moist  atmosphere  of  the  Gulf  States,  it  is  not  grown  therefor  oommerolal  puiposes, 
3ut  in  southern  and  central  California  it  finds  a  congenial  climate,  where  it  is  in  many 
places  already  a  staple  crop.  There  is  no  doubt,  also,  but  what  its  profitable  cultare 
ivill  be  extended  in  the  near  future  over  a  large  portion  of  Ariaona,  KewMsodoo,  and 
Texas.  The  fig  has  been  domesticated  flrom  the  earliest  history  ol  mtOL  and  llie 
country  is  most  h^hly  favored  by  nature  where  he  may  enjoy  llie  fmtti  of  his 
)wn  ''  fig  tree."  We  m&j  not  claim  for  this  tiiat  it  is  a  new  nult,  but  ntiier  ^btA 
n  its  numerous  varieties  it  is  *'  valuable  "  in  r^ons  where  it  may  be  sooocsiifuliy 
p*own,  as  it  is  now  in  Calif omia. 

The  POMEGRAJ^ATB  (PttfUea  gnmaUtm). 

This  sinj^ular  fruit  may  not  prove  to  be  immediately  valuable  In  anr  portiOB  ct 
he  United  States,  though  well  worthy  of  notice  here.  Its  range  ol  lafaSde  oocre* 
iponds  to  that  of  the  fig.  It  is  a  native  of  the  south  cf  Europe  and  Aria.  The 
x)megranate  is  well  worthy  of  a  place  in  amateur  ooUeotkns,  wfaererrer  oHTnato  and 
M^ils  are  adapted  to  its  growth,  if  indeed  it  may  not  under  anoh  droomirtanpea 
present  claims  upon  the  more  strictly  commercial  frulft  grower^  Downing  desoibes 
)ut  tliree  varieties  of  this  fruit.  In  addition  to  its  fhut,  tiiere  are  maagr VarMies 
)f  ponie<n>anates  cultivated  alone  for  ornamental  porpoees,  tii^y  prooiiclng 
luisitely  beautiful  flowers. 

The  Olivb  (Olea  Europea).  » 

Olive  culture  in  the  south  of  Europe  is  a  very  profitable  indostiy.    The  late 
ihall  P.  Wilder  is  represented  as  saying,  after  aa  offidal  sc^jcvm  In  Europe,  tiiali  **iA 

^The  Chinese  quince  is  highly  prised  in  the  Sooth  for  Ita  fratt,  whksh  mwnfitJnw 
ittains  two  pounos  in  weight.  It  is  not  hardy  in  the  Kortbem  fHatofl,    Yaw  Dmai; 
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^lays  a  most  important  jiart  in  the  domestic  economy''  of  that  country.  One  hun- 
dred years  aj^o  Tlioums  Jefferson  lieartily  recommended  its  introduction  into  Vir- 
ginia and  other  Soutliern  States,  its  culture,  however,  has  not  so  far  proved  very 
profitahle  in  the  Athmtic  and  (julf  States.  In  |M)rtions  of  southern  California  it  is 
now  receiving  careful  att^^^'ntion.  and  hids  fair  to  prove  most  satisfactory  and  re- 
munerative. K,  as  the  friends  of  olive  culture  in  California  predict,  it  should  prove 
so  successful  tliere.  then  there  doubtless  are  large  areas  in  Arizona,  New  Mexico, 
and  Texas  where  its  culture  must  also  In^come  profitable^  Let  it  be  thorou^ly 
tested  in  those  regions. 

The  Banana  (Muna  sapientum). 

If  it  should  prove  possible*  by  si)e('ial  cidture,  with  a  view  U)  the  production  of 
hardier  varieties,  to  adapt  or  acclimate  the  ))amma  within  the  territorial  limits  of 
the  Unite*!  States,  even  though  it  should  1x3  in  t>mall  areas,  it  would  be  a  triumph 
worthy  of  all  reasonable  effort.  No  fruit  hiis  so  rapid!}'  grown  in  esteem  and  {X)pu- 
larity  among  the  American  i)eople  within  the  last  few  years  as  the  banana.  Scarcely 
a  decade  has  passed  since  a  car-load  of  bananas  would  have  supplied  for  an  indefi- 
nite time  the  markets  of  one  of  our  largest  cities.  Now  there  are  tons  and  tons  of 
them  used  daily,  and  it  is  a  i>oor  market,  indeed,  where  they  may  not  be  found  at 
all  seasons  of  the  year.  l?Yom  iKMng  a  luxury  ailmirrxl  and  use<i  bj^  tlie  few,  thev 
are  now  sought  for  as  daily  f<Kxl  by  millions.'  I  know  of  no  sacrifice  too  great,  if 
it  fihould  only  give  the  ho^x*  of  success,  for  us  as  a  people  to  make  in  order  to  adapt 
this  magnifict^nt  fruit  to  culture  in  s(.H!ti<»ns  of  our  country.     Ijt»t  the  effort  be  made.* 

TnK  Medlar  {Meapiln^  Germamca), 

The  medlar  is  a  nativ(?  (>f  Eurojx^,  wliere  it  is  fre<piently  met  with  in  its  wild  state. 
By  some  Injtanists  it  is  conr^icKr'.^i  as  a  member  of  the  genus  PyrtiH,  with  which  it 
certainly  has  close  aflinities  as  it  is  often  propagate<l  l»y  budding  or  grafting  on  the 
pear.  None  of  our  American  autiiors  on  fruit  culture  have  deemed  it  worthy  of 
notice,  though  in  Germany  and  other  centiiil  Euroj^ean  states  it  is  quite  a  popular 
fruit.  Tlie  fruit,  wliich  is  of  fair  sizAs  is  very  peculiar  in  api>earance  and  character, 
it  having  a  dark-l)rownLsh  skin  and  firm,  austere  flesh,  and  is  said  tobe  "  only  eatable 
after  having  In^en  kefrt  until  the  fii*st  stages  of  decay,  called  bletting,  has  thoroagfaly 
softened  the  flesh  of  the  inilp.  In  this  state  the  medlar  is  highly  prized  by  somei 
who  are  fond  of  its  rich  subacid  flavor."  It  is  a  handsome  but  small  tree,  which  is 
often  used  for  hedges  in  EurojK*.  It  is  hardly  probable  that  the  medlar  will  ever 
become  either  popular  or  profitable  in  this  country. 

The  L<j<juat  {Eriohotvya  Juj^miva), 

A  related  species  to  the  al)Ove  is  now  (juite  common  in  the  Gulf  States,  where  it 
is  cultivated,  prolxibly  more  as  an  ornamental  tree  than  for  its  fruit.  The  latter, 
however,  may  frcijuently  be  met  with  in  the  city  markets  as  **  Jauaii  plum."  The 
tree  is  a  brojid-leaved  evergreen  of  handsome  form  and  foliage,  and  with  its  flo were, 
which  ap])ear  in  largo  terminal  sj>ikes  in  autumn,  followed  in  early  spring  by  clus- 
ters of  yellow  fruit,  may  be  seen  in  all  ornamental  gi'ounds  m  Soutliern  cities.  The 
fruit  has  a  very  ])lea>ant  sub-acid  flavor,  and  were  it  not  subject  to  injury  bv frosts, 
blcK>miiig  and  maturing  its  fruit  as  it  does,  during  the  winter  season,  would  prob- 
ably become  a  ])oi)alar  fruit  in  the  extreme  south  of  the  United  States. 

The  Guava  {rsidhim). 

This  is  a  small,  pulpy  fruit,  used  largely  for  jellic^s  and  preservers.  There  area 
numlK'r  oi  sjM*eies  in  eultivjilion.  It  is  fast  iK-coming  popular  in  Florida  and  por^ 
tions  t)\  ('ahfornia,  where,  altliough  a  native  of  tropical  America,  it  lias  become 
fully  ac^-limatecl.  Among  newly  intiHHluced  fruits  it  bids  fair  to  tiike  front  rank  in 
the  semi-tropical  sectit.»ns  ui*  ihe  Unit  eel  Stales. 

Tin:  PiXK-ATPi.E  {AmuKn^^a  sufiva). 

•Lik<'  tbe  gnava,  th(^  ])ine-api)le  is  a  native  of  the  West  Indies  and  Central  America. 
It  is  only  grown  successfully  in  southern  Florida,  where  it  is  promising  to  prove  of 
value. 

*It  has  Innm  made  and  with  good  success  in  the  more  tropical  i)arts  of  Floridly — 
H.  E.  Van  Deman, 
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The  Cocoa-nut  (Cocos  nucifera). 

A  native  of  tlio  Soiitli  Scu  Islands,  tlie  i)i*oduct  of  a  stately  (mlm  tree,  saooeedBoaly 
in  the  maritime  distrirts  of  south  Florida,  where  gi*eat  anticipations  are  now  based 

uix)n  it«  pixjbable  future  value. 

TiiK  Date  (Phcenix  dactylifera). 

Like  the  foregoing,  the  date  is  the  fruit  of  a  magnificent  palm  tree,  a  native  of 
Northern  Africa,  where,  next  to  the  camel,  it  is  the  greatest  blessing  of  that  arid 
region.  The  date  palm  is  hardier  than  the  cocoa-nut,  thriving  as  far  north  in  the 
Gulf  States  as  New  Orleans  and  Mobile,  but  owing  to  the  high  per  cent,  of  atmos- 
pheric humidity  pixjvailing  in  that  section  is  not  fruitful.  It  is^rown  there  onl^  as 
an  ornamental  tree  and  it  is  greatly  admired  for  its  stately  habits  and  symmetrical 
beauty.  In  H<:>uthern  California,  however,  where  the  climate  moi*e  nearly  resembles 
its  native  lu)me,  it  is  Ix'ing  introduced  with  gi*eat  promise  of  success,  as  it  will  doubt- 
less j)ro\  e  to  be  throughout  the  whole  section  of  the  United  States  bordering  on 
Mexico. 

The  Orange  {Citnis  aurantium). 

We  come  now  to  notice  the  orimge  and  its  near  relatives,  the  lemon,  the  citron, 
the  lime,  the  shatldock,  and  the  pomelo.  At  the  head  Of  the  citrus  fainily  stands 
the  onmge.  In  our  school-boy  days,  less  than  half  a  century  since,  the  orange  was 
only  kn()N\Ti  in  this  coimtry  as  a  foreigner — an  aUen,  scarcely  thought  to  be  suscept- 
ible of  acclunation  on  American  soil.  It  was  seldom  mentioned  and  less  seldom 
seen,  l)eing  only  referred  to  as  the  tv]^  of  beauty,  and,  in  the  school-room,  for  the 
purpose  of  illustrating  tlie  glol)ular  form  of  the  earth.  What  few  oranges  then 
rea(*h(Ml  our  shores  were  from  the  south  of  Europe  and  the  adjacent  jportions  of 
Asia,  tlie  land  of  its  nati\ity,  and  were  considered  a  luxury,  only  to  be  mdulged  in 
by  the  wealthy.  The  orange  is  now  a  staple  fruit  throughout  the  whole  of  fiorida 
and  a  small  portion  of  other  Gulf  States,  and  especially  the  vast  areas  of  centaal 
and  southern  California.  Varieties  lui\  e  rapidly  multiphed  and  also  great  improve- 
ments have  been  made  in  modes  and  methocls  of  culture,  marketing,  etc.  Perhaps 
no  lands  within  the  limits  of  the  United  States  have  so  rapidly  enhanced  in  value 
for  merely  tillage  j^urposes  as  lands  adapted  to  orange  cmture.  This  evinces  the 
wonderful  j)rogi-ess  In-ing  made  in  si)ecial  sections,  and  the  commercied  value  of  this 
industry.  With  the  rapid  growth  of  the  orange  industry  the  spirit  of  Improvement 
of  varietit  s  keei)s  pace,  whicli  varieties  are  now  much  finer  than  "formerly .  Fortu- 
njitcly  for  the  proilucers,  the  croi>s  of  the  two  sections  of  our  country  adapted  to 
oraiig(*  culture  do  not  come  into  comi>etition  in  the  markets,  and  therefore  prices 
are  always  satisfactory,  as  the  oranges  of  Florida  are  well  off  the  market  before 
those  of  C  'alifornia  come  in.  Probably  one  of  the  most  promising  newly  intix>duced 
varietit^s  of  tlie  orange  is  ihe  Wiishington  Navel,  which  is  rapidly  taking  the  front 
rank,  both  in  California  and  Florida,  not  only  for  merely  commercial  purposes,  but 
also  on  ac(t()unt  of  its  ex(|uisitely  fine  quality.  The  Mandarin  orange,  a  very  pecu- 
liar variety  almost  amounting  to  a  subspecies,  together  with  its  near  relative  the 
Tangierine,  natives  of  Southeast  Asia,  are  gaining  some  popularity  especially  as 
amateur  fruits  in  orangi»-growing  districts. 

The  Lemon  {Citrus  limonium). 

Among  citrus  fruits  the  lemon  ranks  next  in  value  to  the  orange.  It  is  SOfV- 
cessfully  grown  only  in  south  Florida  and  in  southern  California,  it  being  some- 
what more  ten<ler  and  susceptible  of  injury  from  frosts  than  the  orange.  !Nfotwith- 
standing  lemons  are  ])roUtably  grown  in  the  regions  named  above,  the  industry 
has  not,  as  yet,  l)ecome  snfiiciently  renumerative  to  justify  very  extensive  planting 
of  this  fruit  on  land  necessarily  well  adapted  to  the  gi-owth  of  the  orange,  whicK 
ju'oves  so  mucli  more  valuable.  Hence  a  large  percent,  of  lemons  in  this  country 
are  still  imported  from  the  south  of  Europe. 

The  Lime  {Citrus  limetta). 

This  differs  from  the  lemon,  to  which  it  is  very  nearly  related,  in  the  color  of  the 
flowers,  wliicli  are  white  (those  of  the  lemon  being  tmged  with  red),  and  in  the 
smalk  1  si/..^  of  the  fruit.  It  is  also  less  hardy  than  the  lemon  and  is  restricted  to  a 
comparai  i\  ely  small  area.  The  lime  is  more  acid  than  the  lemon,  it  being  the  source 
of  most  of  the  citric  acid  of  commerce.    It  is  also  used  lar^y  in  its  green  state  tKX 
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pickling  and  preserving,  for  which  it  is  esteemed  very  highly.  Its  culture,  like  that 
of  the  lemon,  is  so  overshadowed  by  that  of  the  more  remunerative  orange  as  to 
keep  it  somewhat  in  the  back-ground  as  a  commercial  fruit.  It  may  be  found,  how- 
ever, in  cultivation  in  its  numerous  varieties  in  some  of  the  orange  and  lemon  grow- 
ing districts  and  may  ultimately  find  a  rank  of  value,  especially  through  its  manu- 
factured products. 

The  Citron  {Citrus  medico). 

It  is  grown  to  only  a  limite<l  extent  in  the  orange-growing  districts  of  this  country- 
Next  to  the  shaddock,  it  is  the  largest-fruited  member  of  its  family.  It  belongs 
strictly  to  tlie  lemon  branch  of  the  family,  with  a  thick,  fragrant  rind,  which  is  the 
portion  of  the  fruit  of  value,  as  this,  in  a  preserved  state,  enters  largely  into  com- 
merce, being  used  in  confectioneries  as  well  as  for  flavorings  in  the  domestic  econ- 
omy. A  pleasant  and  refreshing  beverage  is  also  made  of  the  pulpy  portion  of  the 
fnut,  much  resembling  lemonade. 

The  Shaddock  (Citrus  accumana). 

The  shaddock  and  the  pomelo*  are  mammoth  members  of  the  orange  branch  of 
the  citrus  familj^  which  are  but  little  cultivated,  except  for  ornament.  Trees  are 
very  handsome  in  form,  foliage,  and  flower,  and  especially  so  when  loaded  with 
then:  magnificent  orange-like  fruit,  which  sometimes  attains  the  enormous  weight 
of  6  or  8  pounds.  A  rather  pleasant  beverage  is  often  manufactured  from  the  pulp 
of  these  fruits. 

The  Wild  Or^vnoe. 

The  wild  orange,  or  bitter-sweet,  of  Florida  and  the  Gulf  coast,  though  not  a 
native,  has  so  long  found  a  congenial  home  here  as  to  be  fully  entitled  to  reco]j;ni- 
tion  as  a  *'  citizen.^'  It  is  truly  a  handsome  fruit,  and,  though  deceptious  in  quahty, 
may  possibly  prove  valuable  m  the  hands  of  the  experimenter  as  the  parent  of  fu- 
ture valuable  varieties.  Having  escaped  from  cultivation  in  the  early  years  of 
American  history,  it  has,  unrestrained,  now  had  time  to  gain  manj  desirable  Quali- 
ties, lost  during  captivity.  It  may  therefore  now  be  found  in  first-class  conaitioii 
for  valuable  and  interesting  experimentation.  As  it  is,  it  is  of  great  value  as  fur^ 
nishing  hardy  stocks  for  the  cultivated  orange,  in  addition  to  its  truly  ornamental 
qualities  of  tree,  flowei",  and  fruit. 

The  Cherry  (Cerasus  sylvestris  and  C.  vulgaris). 

Downing  separates  the  cherry  into  two  classes — first,  the  Bigarreaus  and  Hearts, 
and  second,  the  Dukes  and  Morellos.  These  amount  almost  or  quite  to  distinct 
species.  The  cherry,  excepting  some  native  species  not  yet  subjected  to  cultiTB- 
tion  and  improvement,  is  a  native  of  Asia.  It  has  been  handed  down  to  us  with 
the  improvements  of  many  centuries  of  domestication.  The  Hearts  and  Bigar- 
reaus, being  strong  and  vigorous  growing  trees,  are  somewhat  tender  in  many  sec- 
tions of  our  coimtry,  especially  in  the  level,  fertile  West,  and  are  therefore  not  ao 
Smerally  cultivated,  though  as  a  rule  the  fruit  is  of  fine  quality.  According  to 
r.  Warder,  the  Hearts  and  Bigarreaus  are  not  entirely  reliable  except  on  soils 
where  the  American  chestnut  is  an  indigenous  growth,  or  at  least  successful  when 
introduce.  The  Dukes  and  Morellos  are  more  hardy  and  fruitful,  this  class  em- 
bracing varieties  like  the  Kentish,  which  are  quite  universally  popular.  Though 
in  some  sections  a  profitable  fruit,  the  cherry  has  scarcely  held  its  own  in  point  of 
popularity  along  with  other  classes  of  fruits  during  the  last  quarter  of  a  century. 
This  is  perhaps  partly  due  to  the  overshadowing  popularity  of  the  strawberry  and 
other  small  fruits  coming  into  competition  with  it,  by  reason  of  their  ripening  at 
or  near  the  same  season.  In  some  particulars,  however,  especially  for  culinary 
purposes,  the  cherry  is  not  likely  to  be  entirely  superseded  by  any  of  its  host  cS 
rivals.  Tlie  late  Dr.  Kirtland,  of  Cleveland,  Oliio,  made  tlie  improvement  of  the 
cherry,  which  succeeds  admirably  in  that  section,  the  specialty  of  his  life  work. 
In  this  way  he  gave  to  the  world  a  number  of  valuable  varieties.  More  recently 
new  introductions  are  being  made  from  abroad,  through  the  energy  and  persever- 
ance of  Professor  Budd  and  othei's,  with  encouraging  prospects.  We  may  hqpo 
from  this  source  to  obtain  varieties  directly  and  indirectly  which  will  prove  more 
hardy  and  valuable,  especially  north  of  the  present  limit  of  cherry  culture.    As  in- 

*The  pomelo  is  a  fruit  fast  gaining  a  good  reputation  in  the  Northern  markets, 
as  well  as  in  Florida.-— H.  E.  Van  Deman. 
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timated  above,  very  little,  if  any,  effort  has  yet  been  put  forth  in  the  imjMX)vement 
of  our  native  species,  of  whicli  Professor  Gray  mentions  at  lea^  four.  The  arts  of 
horticulture,  aided  by  the  hand  of  time,  may  yet  subjugate  to  the  uses  of  man  some 
or  all  of  these  now  untamed  species. 

The  Plum  (Pruntia), 

We  have  purposely  deferred  notice  of  the  plum  and  some  other  fruits  which  fol- 
low because  of  the  advanced  condition  of  improvements  of  their  American  con- 
geners, which  will  now  be  taken  up  and  described  along  with  our  observations  on 
tiie  genuses  to  which  they  may  belong. 

P.  dornesticua,  to  which  species,  with  perhaps  the  exception  of  a  few  newly 
introduced  varieties  from  the  east  of  Asia,  all  our  introduced  varieties  of  the 
plum  and  their  descendants  belong,  is  thought  to  be  a  native  of  Asia  and  the 
south  of  Europe.  Like  all  classes  of  foreign  fruits,  the  plum  has  long  been  in 
process  of  improvement.  There  are  sveral  types  or  families  of  the  plum,  some 
quite  distinct  and  very  marked.  Of  these  the  Gages,  the  Damsons,  and  the  so- 
called  prunes  are  examples.  They  are  doubtless  the  result  of  long  and  careful 
culture,  with  certain  objects  in  view,  viz,  the  production  of  varieties  with  given 
characteristics.  There  are  sections  of  our  country  where  the  domestic  plum  suc- 
ceeds admirably,  and  among  all  cultivated  fruits  none  are  more  iustly  esteemed 
than  it  is.  There  was  a  period,  back  in  the  forties,  when  plum  culture  was  quite 
successful,  if  not  to  say  profitable,  on  American  soil,  but  owing  to  the  increasing 
prevalence  of  disease  and  especially  of  the  curculio,  which  above  all  other  fruits 
prefers  the  plum,  the  industry  waned,  until,  generally  speaking,  it  ran  to  a  low  ebb. 
For  some  years  past,  however,  plum  culture  has  been  on  the  increase,  not  includ- 
ing some  newly  acquired  territory,  notably  the  Pacific  slope,  where  it  has  ever  been 
exceedingly  successful  and  profitable.  Tliis  is  not  so  particularly  the  result  of  im- 
provement in  varieties  as  it  is  to  unknown  and  natural  causes,  which  are  continually 
operating  to  change  results  either  for  better  or  for  worse,  although  many  new  and 
valuable  varieties  have  been  added  to  our  hsts  meanwhile.  In  the  admirable  climate 
of  California,  Oregon,  and  other  transcontinental  States  and  Territories,  plum  cult- 
ure is  rapidly  becoming  a  profitable  commercial  industry.  Many  tons  of  cured 
prunes,  equal  to  the  best  European  brands,  are  annually  produced  on  the  Pacific 
coast. 

Of  Japanese  varieties  of  recent  introduction  much  is  now  claimed.  Prominent 
among  tliese  may  be  mentioned  the  Kelsey,  Prunustnsardii,  and  P.  Simonii,  It  is 
not  definitely  determined  whether  these  belong  to  distinct  species  or  whether  they 
may  not  be  varieties  of  P.  datnesticus,  modified  and  changed  by  cultivation  in  the 
strangely  singular  country  of  their  nativity.  While  these  varieties  may,  and  doubt- 
less will,  succeed  well  in  California  and  the  South,  they  may  be  looked  upon  as 
probably  tender  in  the  cold  North. 

P.  chicasa  and  P.  A7nericana, — ^We  come  now  to  notice  species  which,  with  per- 
haps the  exception  of  our  native  grapes,  Ihe  last  few  years  marks  the  greatest 
triumplis  in  the  horticultural  improvement  of  American  fruits.  To  a  doubting 
Thomas,  the  story  of  the  parentage  of  our  luscious  peach,  the  melting  pear,  or  the 
delicious  plum,  buried  in  the  obscurity  of  centimes  of  history,  into  which  traces  of 
error  may  have  crept,  probably  seemed  to  border  upon  the  fabulous;  but  we  are 
now  dealing  with  fruits  which,  less  than  four  hundred  years  since,  were  entirely 
unknown  and  unthought  of  by  civilized  man.  But  for  man's  interference  we  may 
fairly  assume  that  the  chicasa  plum  of  America  would  to-day  exist  only  in  its  true 
tvpe,  in  which  would  be  recognized  scarcely  more  of  variety  than  is  visible  in  a 
flock  of  wild  blackbirds.  The  arts  of  horticulture  have  already  trained  these  wild 
species  to  sport  into  innumerable  varieties;  in  time  of  ripening,  early,  late,  and  me- 
aium;  in  quality,  good,  bad,  and  indififerent;  in  habits  of  growth,  tender,  hardy, 
iron-clad,  vigorous,  and  fruitful;  in  color,  vdth  almost  the  tints  of  the  rainbow. 
Among  tliese  are  many  varieties  which  combine  ail  the  qualities  of  excellence  and 
value,  excepting,  perhaps,  mere  quality  of  fruit,  of  the  test  varieties  of  P.  domes- 
ticiiit  and  far  surpassing  it  in  point  of  liardihood  and  productiveness.  The  improved 
offspring  of  these  two  American  species,  mainly  of  the  chicasa,  may  now  be  found 
in  cultivation  from  the  Gulf  of  Mexico  on  the  soutii  to  Lakes  Superior  and  Win- 
nipeg on  the  north,  and  from  ocean  to  ocean.  It  would  be  valueless,  in  this  con- 
nection, to  attempt  to  catalogue  or  describe  the  almost  legion  of  native  plums  in 
cultivation  or  on  trial,  and  many  of  them  thoroughly  estskbhshed,  in  our  country. 
Our  rapid  strides  in  the  improvement  of  this  fruit  should  greatly  encourage  us  in 
efforts  to  domesticate  other  American  species  as  yet  neglected.  By  cross-hreedinpj 
and  hybridization,  the  latter  of  which  is  altogether  possible,  combinations  of  quah- 
ties  may  result  which  alone  would  prove  immensely  valuable  to  the  cause  of 
pomolo^. 
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The  Grape  (Vitis). 

The  grape  is  a  justly  popular  fruit.  Thoro  are  a  nuuilxn-  of  distinct  species  under 
cultivation,  thoughprior  to  the  discovery  of  Aiucric^a  there?  seems  to  have  heen  but 
one,  V.  vmifera.  The  graj^e  of  the  Eastern  Hemisphere*  is  thought  to  have  been  a 
native  of  Persia,  though  its  early  history,  boin^  almost  ciK'val  witli  that  of  man,  is 
somewhat  obecivred  in  doubt.  Ancient,  medic val,  and  modern  history,  sa/cred  as 
well  as  ]^ofane,  abound  in  just  praises  of  this  luscious  f  niit.  Having  thus  been  the 
companion  of  man  from  an  early  period,  tlie  grape  of  the  Old  \Vorld  may  he  con- 
sidered one  of  the  most  thoroughly  donu^ticated  <'f  fruits.  Originating  as  it  did 
near  the  place  of  man's  nativity,  it  iias  followed  uj>  liis  civilization,  marking  every 
age  of  his  history  with  its  presence  and  its  civiliziim-  influences.  Tliis  is  specially 
true  so  long  as  civilized  man  was  conline<l  to  the  Old  AVorld.  When  he  creased  tlie 
Atlantic,  where  he  found  a  congenial  home,  he  soon  discovered  tliat  his  favorite 
vine  failed  to  yield  its  luscious  treasures.  Rejx»ated  efforts,  based  iipon  the  highest 
skill  known  to  the  arts  of  horticulture,  only  r(>sulted  in  failure,  so  far  as  its  culture 
in  the  open  oxr  was  concerned.  Despair  finally  seize!  upon  him  and  a  dark  and 
hopeless  age  in  which  grape  culture  upon  American  soil  was  seemingly  abandoned 
and  unknown  comes  about.  William  C*-oxe,  in  the  first  American  work  on  fiiiits, 
published  in  1817,  does  not  so  much  as  notice  the  jxrai^e,  ^\■hile  Stephen  Switier's 
work,  published  almost  a  century  earlier,  in  T^nulon,  de.serilws  a  number  of  vari- 
^tifiB  then  highly  esteemed  in  England.  In  184^.  the  late  A.  J.  Downing  describes 
thirty-five  varieties  of  foreign  grapes  as  adapted  to  and  worthy  of  culture  under 
glass,  while  of  native  varieties  he  only  mentions  twelve,  *'  which,"  as  he  says,  **are 
accidentally  improved  varieties  that  "have  sprung  up  in  iht  woo<lsand  fields  from 
wild  vines.'*  Tliese  discouragements,  dut*  mainly  to  unfavorable  climatic  condi- 
ti<»ia,  prevailed,  with  few  exceptions,  until  the  **  Star  of  Empire"  sat  upon  the 
Pacific  coast,  theparailiseof  American  i)omology,  wh(^re  the  V,  vhtifera  found  a  new 
and  congenial  home.  Here  the  grapes  of  the  Old  World  all  thrive.  WitJbin  tibie 
last  quarter  of  a  century  grajje-growing  in  California  has  almost  rexolutkxuaed 
the  gri^  commerce  of  the  world,  so  far  as  the  manufactured  products,  wine,  raia- 
ins,  etc.,  are  concerned,  and  yet  the  industry  seisms  only  to  have  paf.'-cd  the  stage 
of  infancy.  All  the  varieties  of  the  vtViZ/Vrtt 'species  known  to  the  south  of  Europe, 
and  many  of  their  offspring,  having  their  origm  here,  flourish  in  the  genial  climate 
of  the  Pacific  coast  region  of  the  United  States. 

Prof.  George  Husmann,  of  Napa,' in  a  paj^er  on  the  *'  Past.  Present,  and  Future 
of  Qrape  Growing  in  Cahfomia,''  published  m  volume  4  of  the  Transacti^nis  of  the 
American  Horticultural  Society,  has  the  following  comments  on  the  progress  of  the 
grape  industry  in  that  State: 

**  When  gold  was  discovered  in  California,  during  the  i^xciting  times  of  it^  early 
settlement,  by  those  who  flocked  by  thousands  and  t*'ns  of  thousands  over  the  ploina 
and  across  the  ocean  to  seek  the  glittering  treasure  among  its  liills  and  alonff  its 
streams,  but  few  had  an  idea  that  thi^  land,  with  its  r:unless  summers,  woulo,  in 
the  short  space  of  time  which  has  since  elapsed,  l)ecome  more  famous  for  its  golden 
fruit  and  wine  than  it  could  ever  be  by  the  glittering  metal  fomid  in  the  depths  of 
the  earth;  that  its  hills  and  plains,  looking  so  dry  and  barren  during  the  summer 
months,  would  sustain  smiling  vineyards  and  trees  laden  with  fruit.  It  was  gener- 
ally supposed  that  vines  and  trees  could  only  live  and  thrive  with  irrigation;  that 
tbe  Missum  grape,  first  cultivated  by  the  Jesuit  fathers,  which  even  then  found  its 
way  into  the  mines  and  was  readily  purchastxl  by  the  delvers  after  gold,  could  only 
reach  its  luscious  ripeness  by  being  frw^ly  supi>iiod  with  water  during  the  dry 
months.  From  this  small  beginning,  at  one  location  and  one  variety,  what  a 
change!  Grape-growing  lias  spread  over  the  whole  State,  until  its  wine  crop— onlT 
one  of  the  uses  to  which  the  grape  is  devoted — is  estimated  art  about  20,000,000  gal- 
lons this  year.  From  one  variety  cultivatetl  then,  we  have  close  to  four  hunc&ed 
varieties  now,  and  we  alreiuiy  produce  iis  line  wines  as  any  country  on  the  globe. 
fYom  the  few  scattering  small  \ineyards  then  in  tiie  State,  whi<^h  were  irrigated 
several  times  a  year,  our  vineyards  now  look  down  on  the  land  from  the  highest 
tope  of  the  mountains,  and  there  produce  their  choicest  fruits,  without  irriflatioii, 
b^ng  more  secure  from  frost  and  other  deleterious  influences  there  than  in  tne  val- 
leys. Their  smiling  verdure  gret»ts  the  eye,  and  is  readily  distinguislied  thousands 
of  feet  above  the  valleys.  Our  raisins  are  already  comi)eting  with  the  finest  London 
layers  in  the  markets  of  the  world,  and  our  table  grai)es  are  slupi)ed  to  every  city 
and  town  in  the  Union." 

As  indicated  above,  several  native  species  have  contributeil  to  our  list  of  cultivated 
American  grapes.  These  were  found  growing  indigenously  in  diif erent  seotioiiB 
of  ttie  country,  and  were  variously  known  as  fox  gra^K),  frost  grape,  summer 
grape,  winter  grape,  muscadine,  etc.,  in  their  several  localities.    Leading  oharactei^ 
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istirs  of  tii(»s<^  wild  s])ocies  wore  liixurLanco  of  p^owi:h  and  rambling,  unrestrained 
IinbUs  of  v\m\  «*r(«'ii  jiioniitinp:  to  the  tojwof  tho  tallost  forest  trees  and  loading  them 
(lowi!  wii  h  \l..ir  v.  '>ii;;ri  of  foliage  i\nd  fruit,  v.iiioh,  however,  was  of  inferior  qnalitv. 
\Vi' Imv.' said  tliat  Hurt'  are  sovcral  iiaiivo  sixvies  of  the  grape  fonnd  within  the 
limit -^  of  th(^  United  Stales.  Prof.  Asa  (ilray  reeoi;nizes  only  four  species  {V.  lab- 
rnsi'(i,  \\  (i':;fi rail's,  W  rordi/olirt.  and  V.  rnJ})in<n:  the  late  Dr.  En^leniann  enu- 
merates ihineen  (  T.  Ifthriisni,  \\  ('(iiidf'nnts.  ]'.  Carvibaii,  V.  Califoriuca,  V,  Monti- 
ntla.  V.  Ariznnirfi.  V.  (I'stirah'ft,  V.  einctra,  V.  cnvdifoWi.  \\  palmata,  V,  riparia, 
V.  I'U/xstris.  nm\  i\  mtinifif/oli't  or  rulp!H(/):  v.diile  Prof.  T.  V.  Mnnson.  an  emi- 
nently praetical  hortieulturisr  as  well  as  a  seieullfic  botanist,  clasfdlies  them  into 
more  than  twenty  <listiiict  s]K'eies.  This  inrludes  a  nunilx»r  of  new  species  recently 
diseovenni.  It  would  seem  from  th«  se  dif,Tencos  that  l)otany  is  as y et  not  a mathe- 
mati.  ally  true  seien<'»«.  Profes.-^r)r  Munson  admits,  h(;wever,  that  *'all  botanists 
who  liavi'  attempted  tin'  el,.ssi:iealion  of  the  grajK*  gf»niw  have  complained  of  its 
diHieuitit'S  and  eonfusioiis  ol  f>:ie  I'orm  witli  another.  Many  liavc  coiichidod  th^ 
its  so-eaTHMl  sjx'cie-^  are  oidy  artitieial  Sriiis  to  indicuite  eertiiin  forms  of  considerable 
extent,  InU  that  in  reality  tiivre  is  no  el.'ar  se|varatrix."  But  these  scientific  ques- 
tions have  little  to  do  with  ihe  mrd:er  in  hand.  It  is  sufticii?nt  for  us  to  note  the 
most  w()n<leri'ul  d«  velopmenis  whieli  liau*l)oenniadein  the  improvement  of  Ameri- 
can uMap.  s  within  tfie  few  years  interv<nn'nji:  since  the  publication  of  Do wning's 
oriufinal  volmne  in  is-tx  At  that  date  only  twelve  varieties  were  named,  none  of 
which  an*  now  •^eniTaliy  cultivated  (the  Catawbiand  Norton's  Virginia  only  having 
lo<'ai  values  at  this  time).  asi«le  from  the  Scupjiemong,  whi(^h  is  strictly  a  Southern 
varirty.  To  this  list  has  since  been  added  hunrlredsif  not  thousands  of  new  varieties, 
many  of  wliieli  rival  the  very  best  ioreiirn  sorts  in  point  of  (juality,  with  constitu- 
tional vi^or  and  l.ardihoMd  to  resist  the  vicissitudes  of  our  peculiar  climate  and  our 
diversiti»Ml  soils. 

There  is  eertaiidy  no  class  of  cultivated  fniits  to  which  the  '•  science  of  breeding"  . 
has  be<'n  so  sueeessfully  ap}»lied,  and  in  which  more  rapid  developments  have  been 
manifested,  than  in  conTit'crion  with  the  improvements  of  American  grapes.  The 
elder  Downin*^  spoke  the  truth  when  he,  only  forty  years  ago.  siiid  of  American 
grai>esthat  they  (the  then  ini]>rov{»<l  varieties)  "liave  sprung  up  in  the  woocis  and 
fields  from  wild  vines."  and  that  **  they  are  tlierefore  but  one  remove  from  a  wild 
stab'.*'  lie  fmihcr  mentions  *•  extensive  trials  which  are  now  being  ma<le  by  vari- 
ous cultivators  to  pnHJuee  nvw  varieties  from  thes<^"  closing  with  the  prophecy, 
already  fultill«'d,  that  *'  there  is  little  do'.ibt  that  in  a  few  years  we  shall  have  many 
new  native  sorts,  eombinin;^:  the  g<X)d  (lualities  of  the  l)est  foreign  grapes  with  the 
har(lin^'ss  of  the  imli^enous  ones  and  with  also  the  neitessary  adaiitjition  to  the 
various  ^.olls  jnid  eiifuates  of  the  Unitcil  States.'' 

Tn  th(»  iiandsof  sneh  iiv  n  as  Underhill,  (irant,  Rogers,  Ricketts,  Moore,  Caywood, 
Camphell.  ]\Iun-on.  and  a  ho.-^t  of  otJiers,  aided  by  the  light  of  science  and  practical 
skill,  tlirre  i<  no  lon<:er  a  nret-^sity  of  our  waiting:;  uncertain  results  of  **  accident- 
ally irnpi-oved  varirtie>."  which  shall  spring  "up  in  wootls  and  fields  from  wild 
vines."  Now  ithaidvs  to  these  painstaking,  intelligent  men),  every  American  citi- 
zen woriliy  to  Im^  re(^);rnizcd  as  sueli  may  almost  without  effort  cm.  his  part  enjoy 
the  his<ious  iniit  of  *•  liis  own  vine"  in  some  of  its  numerous  species  ana  varieties. 
There  e.'.n  W  found  In  all  the  rangt*  of  human  experience  and  observation  no 
more  e«  )n\  inein.'.;  evid'*Tiee  of  th*»  triumphs  of  horticultural  arts  than  areplainty  man- 
ifest rd  in  the  rerent  and  marvelously  i*apid  j>rogres3  which  has  been  made  in  the 
comp^'t*'  dome-Jtiration  and  wonderfid  improvements  in  the  wild  American  species 
of  tii(  ;zrip.\  3ran\  of  tluse  are  artificial  hybrids  and  cross-breeds,  combining  the 
g^xnl  (|naHti<s  <.r  one  or  mort>  s|x^ciesof  American  grapes  and  including  V.vinifera, 
which  always  adds  »tualities  of  excellence,  although  it  isgeneraUy  at  the  expense 
of  eonstitmiomd  vigor. 

SMALL  FRUITS. 

A\\'  eome  now  to  si^-ak  of  a  class  of  fruits  the  popularity  and  importance  of  which 
are  t  i>t  heim:  rt-eognized.  Indeed,  as  the  staple  orcliard  fruits  have,  in  large  sec- 
tions. devliniHl,  small  fniits  have  taken  their  places.  It  is  a  fact  which  we  can  not 
ignore  th:«f  tin*  ai>ple,  (^iH^cially  the  staple  fruit  of  fonner  years,  is  rapidly  becom- 
ing unnliaMe.  and  while  no  other  fruit  is,  or  can  ever  be,  an  entirely  satisfactory 
sulrstitui-'  for  it,  ^mall  fruits  must  to  a  larg»i  extent  be  accepted  as  such  from  sheer 
nert'--i:y.  Th»'>e  cjiuses.  together  with  the  increasing  demand  for  such  fruits  in  the 
markets.  a:i«i  tiu*  facility  with  which  they  are  now  T>reserved,  by  canning,  etc.,  has 
so  stimulated  small -fruit  culture  as  to  have  taken  it  from  the  garden  and  fully  estab- 
lished it  in  the  tield,  expanding  the  industry  from  being  the  work  of  the  amateur 
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to  the  professional  and  the  commercial  grower,  where  the  market  statistics  of  the 
present  fully  entitles  it  to  rank.  Tliis  rapid  expaiLsion  of  the  small-fruit  industry 
has  stimulated  a  correspomlinji^  improvement  in  varieties  which  were  formerly  few 
and  inferior  a^  compared  with  the  present. 

The  Strawberry  (Frayaria). 

Ainong  small  fruits  none  are  so  universally  popular  and  valuable  as  the  strawberry, 
which,  according  to  Downing,  **  is  a  native  of  the  t^mi)erate  latitudes  of  both  hem- 
ispheres— of  Europe,  Asia,  North  and  South  America— though  the  species  found  in 
different  parts  of  the  world  are  of  distinct  habits  and  have  each  given  rise,  tlurough 
cultivation,  to  different  classes  of  fruit."    At  the  time  this  paragraph  was  penned, 
in  1845,  strawberry  culture  was  in  ita  earUest  stages  of  development  in  America. 
Downing  then  only  descril>ed  thirty-six  varieties,  most  of  which  were  of  foreign 
origin  and  belonging  largely  to  foreign  species.     Our  native  species  {F.  Virginiana) 
was  then  found  in  the  meadows  and  fields,  wliere  they  Ix'came  the  object  of  much 
solicitation  to  children  who  brought  them  to  miU'ket  in  small  quantities  and  in  even 
smaller  sizes  from  their  native  fields  where  they  grew  uncared  for  and  neglected  of 
men.    This  then  neglected  s|)ecies  and  its  hybrids  and  cross-breeds  are  now  the  lead- 
ing varieties  in  cultivation.     Thei*e  are  probably  no  varieties  of  either  of  the  three 
European  species  {F.  vesca,  F.  Colina,  and  F.  clatior)^  pure  and  unadultc  rated,with- 
out  mixtures  and  crosses  of  one  or  more  of  the  American  species  {F,  V..  qinianaos 
F,  ChillU»7isis)  now  in  general  cultivation.     America  may  therefore  b?  claimed  as 
the  home  of  the  strawl)erry  so  far  as  valuable  varieties  are  concemet;.  as  it  is  in 
r^dity  the  present  paradise  of  the  industry. 

The  strawberry  may  be  truthfully  considered  the  only  universal  fruit  of  the  United 
States,  there  being  no  stKrtion  of  our  wliole  country,  in  any  degi'ee  adapted  to  culti- 
vation, where  it  may  not  1x3  succes«fulJy  and  jirolitably  grown.  In  tlie  extreme 
South  and  in  Calift)rnia,  where  their  winters  are  mild  and  spring-like,  the  season  of 
ripening  is  greatly  prolong(»d,  covering  months  of  time,  whue  to  the  northward  the 
crops  ripen  more  uniformly.  These  facts,  together  with  the  present  facilities  for 
distributing  the  crops  through  the  aid  of  the  railroads  (the  jpreat  equalizers  of  the 
age),  the  leading  marketis  of  all  sections  are  supi)Iied  with  this  luscious  and  exceed- 
ingly healthy  fruit  for  long  periods.  We  liave  already  referred  to  the  rapidly  in- 
creasing magnitude  of  the  i)anana  trade  and  to  the  great  and  growing  iprape  indus- 
try, but  each  and  all  other  interests  of  a  similar  cliaracter  are  fahly  echpsed  by  the 
still  more  rapid  growth  of  the  strawberry  business  during  the  last  quarter  of  a 
century.  As  an  ulustration  of  what  this  business  now  is,  the  following  is  quoted 
from  the  address  of  Hon .  Parker  Earlo,  president  of  the  American  Horticultural 
Society,  read  before  that  organization  at  its  late  meeting  in  the  city  of  Cleveland, 
Ohio,  September,  1886: 

**  Thirty  years  ago  the  daily  receipts  of  strawberries  in  the  city  of  Chicago— now 
the  second  greatest  fruit  market  in  the  world — could  have  been  carried  in  one  wagon 
at  one  load,  and  it  would  not  have  been  a  large  load  either.  Now  whole  railway 
trains  are  engaged  to  carry  the  daily  supply  of  that  market,  which  often  amounts 
to  300  tons,  and  sometuues  to  twice  that  quantity.  A  similar  increase  of  supply  has 
taken  place  in  most  of  the  markets  of  the  country.  The  production  of  the  Wilson 
BtrawTOny  was  the  beginning  of  a  new  era  in  strawberry  culture,  and  I  may  add 
of  small-fruit  gardening;  for  all  branches  of  the  business  have  been  stimulated  and 
carried  along  by  the  tide  of  enthusiasm  which  has  planttnl  strawberry  fields  all  over 
the  continent,  and  covered  the  tables  of  the  rich  and  of  the  poor  alike  with  their 
dishes  of  fragrance  and  crimson  beauty.  Thirty  or  forty  years  ago  it  would  be  enife 
to  say  that  all  the  strawberries  marketed  in  one  day  in  the  United  States  could  have 
been  gathered  by  a  force  no  kirger  than  I  have  seen  bending  over  the  smiling  rows 
of  a  single  plantation.  Now  tliero  are  probably  not  less  than«i  quarter  of  a  million 
harvesters  engaged  in  gathering  tiiis  delightful  fruit  for  market-growers.  Then  the 
season  of  this  fruit  was  limited  to  tlie  tiiree  or  four  weeks  of  its  ripeninjg  in  each 
locality;  now,  by  the  help  of  railways  and  refrigerator  transportation,  it  extends 
over  four  or  five  months  of  the  spring  and  summer,  and  strawberries  are  sometimes 
transported  n  distance  equal  to  that  from  the  Atlantic  to  the  Pacific  seas." 

New  iKtricties. — Of  course  the  rapidly  increasing  interest  in  strawberry  culture 
has  resulteil  in  the  origin  and  dissemination  of  innumerable  new  varieties,  some 
accidental  seedlings,  and  others  the  result  of  careful  and  painstaking  breeding. 
Generally  speaking,  the  tendency  has  been  towards  improvement,  though,  of 


a  large  per  cent,  of  tlwso  seedlings  liave  ])rovod,  on  trial,  to  be  no  better,  if  so  good* 
as  the  older  sorts.  With  the  large  commercial  uiterest  which  the  strawbenTDUsi- 
ncss  now  represents,  every  new-comer  wliich  bids  fair  to  be  an  improvement  is 
hailed  with  aelight,  and  its  praises  are  heralded  witli  tlie  flourish  of  tmmpeti  by 
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interested  parties,  who,  with  "  wind  as  a  motor"  and  "cash  sa  the  objective,*' 
stand  in  readiness  to  supply  the  novice  with  plants  which  are  to  eclipse  all  known 
varieties  in  point  of  size,  quality,  productiveness,  etc.  Thousands  and  tens  of 
thousands  or  dollars  are  annually  expended  in  this  way  by  men  who,  having  but 
little  practical  knowledge  and  less  skill  in  the  business,  must  necessarily  reap  disap- 
pointment. 

The  origin  of  the  Wilson,  about  the  year  1856,  near  the  city  of  Albany,  N.  Y., 
marks,  as  Mr.  Earle  has  well  said,  **  a  new  era  in  strawberry  culture."  Indeed,  its 
culture  has  been  more  generally  successful  than  any  variety  originated  since  and 
thoroughly  tested.  Its  rapid  introduction  and  almost  universal  success  greatly 
stimulated  strawberry-growing,  especially  as  a  commercial  industry,  and  with  it  the 
desire  upon  the  part  of  progressive  growers  to  produce  something  better;  for,  as 
Pardee  has  said,  **  this  fruit  is  so  soon  and  so  easily  raised  from  seed  that  the  proc- 
ess invites  to  a  very  attractive  series  of  experiments."  To  such  as  have  the  tinie, 
means,  and  inclination  thus  to  experiment,  there  can  be  no  more  delightful  and  in- 
teresting field  of  operation,  which  also  promises  hberal  remuneration  for  those  who 
are  successful  in  the  production  of.  varieties  of  true  worth;  but  the  valuable  advice 
of  Mr.  J.  M.  Smith,  president  of  the  Wisconsin  Horticultural  Society,  to  the  novice 
of  limited  experience  and  especially  of  limited  means  should  not  go  unheeded. 
He  says: 

"  Don't  be  in  a  hurry  to  get  these  new  varieties  that  come  out  and  are  being  rec- 
ommended by  this  man  or  that;  wait  till  good  reliable  growers  in  your  vicinity,  or 
some  men  that  you  know  are  reliable,  have  tried  them.  You  can  grow  varieties 
that  will  answer  your  purpose  from  those  kinds  now  in  use.  If  you  have  nlenty  of 
time  and  plenty  of  money,  and  like  to  experiment  with  new  varieties  that  come 
along,  you  will  find  plenty  of  use  for  your  time  and  money,  and,  by  the  way,  get 
very  little  return  for  either." 

As  has  frequently  been  intimated  in  this  paper,  the  author  can  not  safely  enum- 
erate a  list  of  new  varieties  here,  wliich  are  now  regarded  as  promising,  through 
fear  of  misleading  the  planter,  since  there  are  so  many  local  influences  which  natu- 
raJlv  affect  results  in  strawberry  growing.  To  the  professional  grower,  and  espe- 
cially to  the  State  or  nation,  truly  belongs  the  duties  of  the  experimenter;  but  to  the 
average  planter  we  most  heartily  commend  the  good  advice  of  President  Smith,  than 
whom  there  is  no  safer  and  more  thoroughly  practical  and  successful  guide  in  mat- 
ters pertaining  to  the  culture  of  the  strawberry. 

The  Raspberry  (Evbtis). 

Next  to  the  strawberry,  the  raspberry  is  probably  the  most  valuable  of  the  small 
fruits.  It  belongs  to  the  same  botanical  genus  {Rubus)  as  the  blackbeny.  There 
are  three  species,  one  foreign  and  two  native,  from  which  our  cultivated  varieties 
are  derived. 

R.  Itkeus  is  a  native  of  the  mountainous  districts  of  the  south  of  Europe.  It  has 
long  been  domesticated,  and,  as  with  all  Old  World  fruits,  is  much  more  highly  de- 
veloped than  are  the  American  varieties.  The  class  of  bearies  known  as  Antwerps 
and  all  their  iVinerican  descendants  belong  to  this  species.  The  size  and  quality  of 
varieties  belonging  to  this  species  are  superior  to  any  yet  derived  from  our  naJtive 
species,  but,  like  foreign  grapes,  they  are  not  generally  free  from  disease  and  other 
constitutional  defects,  and  especially  are  they  tender  and  subject  to  winter-killing 
in  our  climate  and  soil.  In  a  few  favored  sections,  notably  the  Hudson  River  region, 
they  succeed  fairly  and  are  very  justly  popular,  especiaUy  with  amateur  growers, 
in  consideration  of  their  fine  size  and  excellent  qualities  of  fruit.  As  with  grape 
culture,  the  first  eflforts  at  raspberry  culture  in  America  were  with  varieties  of  this 
species,  which,  from  causes  above  hinted  at,  were  not  satisfactory  in  results.  Of 
fourteen  varieties  described  by  Downing  in  1845,  all  but  three  were  foreign  sorts. 
The  great  preponderance  of  varieties  of  this  species  at  that  time  in  cultivation  shows 
how  great  the  effort  to  overcome  climatic  conditions  by  persistently  adhering  to 
varieties  of  our  ancestors.  The  relationship  between  this  and  one  of  our  American 
species  {R.  strigosiis),  is  so  close,  as  indicated  by  the  habits  of  plant  and  fruit,  that 
they  readily  hybridize,  and  thus  the  good  equalities  of  the  two  are  often  blended,  so 
that  it  is  possible  that  many  of  our  red  varieties  now  in  cultivation  are  the  offspring 
of  both  foreign  and  native  parents.  All  strictly  foreipi  varieties,  except  in  favored 
localities,  must  have  winter  protection  to  succeed  satisfactorily  in  our  country. 

R.  strigosus. — Downing's  original  work  describes  this  as  a  variety — the  American 
Red — and  says:  **  It  ripens  nearly  a  week  earlier  than  the  Antwerps,  bears  well,  and 
though  inferior  in  flavor  and  size  to  tliese  sorts,  is  esteemed  by  many  persons,  par- 
ticularly for  flavoring  liquors."  TTie  writer  of  this  could  scarcely  have  believed  that 
in  less  than  forty  years  this  almost  despised  species  should  have  given  us  ofibpriiigB 
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of  Bnch  value  as  the  Turner,  Brandy^vine,  Ilerstine,  and  numerous  others  which 
now  find  their  way  tf>  our  market  ct'nters  in  justonishing  quantities,  not  to  be  de- 
graded by  fermentati(»n  or  distillation  into  vile  liquor-^,  but  to  feed  the  hungry  and 
gladden  tlie  lives  of  the  denizens  of  large  cities.  This  and  the  foregoing  species 
propagate  themselves  by  underground  suckers  and  not  by  the  tips,  as  does  the  fci- 
lowing: 

R,  oceidentalis,  which  is  a  native  siwcies.  Downing  describes  two  s'arieties  of 
this  species  in  1845 — the  American  Black-cap  and  the  i)liio  Everbearing.  Of  the  for- 
mer he  scarcely  speaks  more  complimentary  than  oi  the  American  Red,  saying:  "  This 
raspberry,  common  in  almost  every  field,  with  lung,  rambling,  purple  shoots  and 
flattened,  small  black  l)erries,  is  everywhere  known."  Tliink  of  this  as  the  parent 
of  our  Doolittle,  Oregg,  Hopkins,  Nemaha,  Scliaffer,  etc.  Think  of  the  tons  and 
tons  of  these  and  numerous  other  offsprings  of  tJiis  almost  despised  native  species 
that  are  now  grown,  making  fortunes  for  their  ])roj>agators  and  health  and  happi- 
ness for  the  denizens  of  our  great  centers  of  ix>pulati<^n.  And  how  are  we  to  p««- 
dict  the  future  of  an  industry  so  yoimg  and  yet  ol  such  vast  ]»roportion8?  ^rely 
cultivation  has  wrought  wontlers  upon  this  native  spe<;ies  in  so  short  a  time. 

The  Blackberry. 

As  above  noted,  this  fruit  belongs  to  the  same  l)otaniral  genus  (Rnbus)  as  the  rasp- 
berry, but  differing  essentially  from  the  latter  in  the  character  of  its  fruit,  whicn, 
according  to  Gray,  does  not  separate  *'  from  the  juicv.  prolonged  receptacle."  There 
are  two  species,  B.  inlloauH  and  H.  Canadensis,' both  purely  native,  from  w^hich  oar 
cultivated  varieties  are  derived. 

JR,  mllosuSy  the  common  high  or  upright  blackberry,  is  a  native  throughout  a  larse 
portion  of  the  United  States.  Its  fruit,  while  in  a  stat(^  of  nature,  was  probamy 
more  highly  develope<l  than  that  of  the  raspln^rry.  tliougli  it  has  been  greatly  im- 
proved by  cultivation.  In  certain  sections  of  the  country,  esi>ecially  in  neglected 
and  abandoned  fields,  where  the  Wackberry  deliKhts  to  grow,  quite  a  bnsinesB  is 
carried  on  by  pickers,  who  gather  the  fniit  for  sale.  Vast  quantities  of  this  wild 
fruit  finds  its  way  into  the  markets,  thus  supplying  at  once  a  source  of  income  to 
many  poor  people  and  cheap  health-giving  food  to  consumers.  While  this  wild  fruit 
is  vastly  inferior  to  the  cultivated  varieties,  it  servers,  as  al)ove  indicated,  rahiable 
purix)ses  in  the  domestic  economy,  esju'cially  of  the  iM)or,  while  materially  affeoting 
the  prices  of  the  better  qualities  of  fruit  coining  into  competition.  It  is  only  of  very 
recent  years  that  any  systematic  efforts  at  improving  this  fruit  has  been  attempted, 
but  in  tliis  short  time  very  marked  progess  has  lx>cn  made.  Downing's  original 
work  does  not  describe  any  varieties  of  the  blackberry,  only  mentioning  Uie  two 
species  as  they  then  existed,  while  in  his  more  recent  revision  he  describes  twenty- 
five  distinct  sorts,  and  many  more  have  since  ap]>eared.  Some  of  these  are  so  mani- 
festly better  than  were;  the  wild  varieties  as  to  already  have  won  for  themselveB 
places  of  front  rank,  in  point  of  commercial  ^alue,  among  cultivated  fruits.  The 
writer  has  in  mind  a  crop  of  the  iwst  season  in  wliich  a  single  picker  gathered  f<Mrty- 
two  gallons  in  one  day,  so  abundant  was  the  fruit.  This  was  of  one  of  the  piesent 
leading  varieties,  the  plants  having  lieen  thoroiiglily  cultivated,  and  the  fruit  going 
to  market  in  such  shape  as  to  bring  remunerative  returns  for  the  painstaking  intelf 
gence  bestowed  in  the  selection  of  the  variety  and  t)>e  culture  following.  With  the 
native  plum,  grane,  strawberry,  raspljerry,  an<l  other  fruits  our  success  in  impiov- 
ing  the  native  blackberry  should  encourage  us  to  look  more  ho^x^fully  upon  OW 
prospects  of  greater  achievements  with  various  American  si>ecies  not  yet  subjected 
to  the  ameliorating  influences  of  horticultural  arts. 

R,  Canadensis,  the  low  or  trailing  blacklierry — the  dewlK?rrv — like  the  foregoiiu^, 
is  a  native.  It  is  not  so  frequently  met  with  lis  the  l>lackberry,  l^ing  confined  m 
its  native  habitat  more  strictly  to  hill  regions.  Tlie  fruit  differs  but  slightly  from 
the  latter.  There  are  a  number  of  cultivated  varieties  of  this  fruit  now  grown,  soooe 
of  which  exhibit  quahtit^  of  merit.  Among  such  the  Lucretia  probably  stands  in 
the  front  rank  as  a  promising  sort. 

The  Curr.vnt  {Ribes  ^nthriim). 

The  currant  is  a  small  fruit  of  some  importance.  Our  cultivated  varieties  belong 
to  the  above  8i)ecies  and  are  native  of  the  north  of  Euroi)e.  It  succeeds  best  in  a 
rather  humid  soil  and  atmosphere.  Like  its  near  relative,  the  gooseberrr,  it  is  a 
very  popular  fruit  in  Great  Britaui  and  the  n<^rtli  of  Europe,  where  the  cnmate  is 
well  adapted  to  its  culture.  Several  imp<)rted  insects  (the  currant  caterpillar  and 
the  borer)  liave  of  late  years  .seriously  affected  the  culture  of  the  currant  in,  moat 
sections  of  the  coimtiy,  though  scarcely  any  American  garden  is  thought  to  be  com- 
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plete  without  its  supply,  for  domestic  uses  at  least.  These  usually  occupy  some  ob* 
scure  comer  in  the  garden,  where  they,  if  not  too  seriously  injured  by  insects  and 
the  like,  produce  satisfactory  crops,  and  are  a  favorite  in  the  kitchen  for  pies,  jel- 
lies, etc.  Do^\^ling  says,  in  speaking  of  the  currant  in  its  wild  state  in  Northern 
Europe:  "  Tlie  fruit  of  the  original  sj^ecies  is  small  and  very  sour,  but  the  large  gar- 
den sorts  i)roduced  by  cultivation  and  for  which  we  are  chiefly  indebted  to  the  Dutch 
gardeners,  are  lai'ge  and  of  more  agreeable  subacid  flavor."  From  the  scientific 
name  of  this  species  {Ruhrum)^  we  should  infer  that  the  original  currant  was  of  a 
reddish  color:  but  numerous  varieties  introduced  by  cultivation  are  light-colored,  if 
not  white.  The  white  varieties,  as  a  rule  (if  not  invariably),  are  less  acid  than  the 
colored  sorts,  which,  indeed,  seems  to  be  true  of  all  albinos  among  small  fruits  of 
whatever  species.  There  are  a  number  of  native  species  of  the  currant,  but  none 
have  yet  been  generally  domt»8ticate<l,  at  least  have  not  become  sufficiently  impronred 
to  entitle  them  to  proininent  rank  among  cultivated  fruits. 

The  Gooseberry. 

Like  its  near  n^ative,  the  currant,  the  species  {RCbes  glossidaria)  is  a  native  in  the 
north  of  Europe,  wliore,  xmd  also  especiallv  in  England,  it  has  long  been  a  very 
popular  fruit,  having  reached  a  high  state  of  improvement.  Our  climate  does  not 
suit  it  so  well  as  that  of  England,  as,  like  some  other  foreign  species,  it  is  not  entirely 
healtliy  here,  it  being  subject  to  mildew  and  disease.  There  are  a  number  of  Ameri- 
can species,  Imt  until  within  comparatively  recent  years  all  eiforts  at  the  culture  of 
this  fruit  in  the  United  States  have  been  with  the  foreign  improved  sorts,  which 
have  generally  proved  a  source  of  disappointment.  Do^vning,  m  1845,  in  speaking 
of  the  gooseberry  as  a  foreign  fruit,  says,  "  Our  native  species  has  never  l^n  im- 
proved by  garden  culture."  Since  that  date,  however,  its  improvement  has  been 
taken  up,  somewliat  as  wajs  that  of  the  native  grape,  plum;  raspberry,  etc.,  as  a 
matter  of  self  defense  against  total  failure,  and  wondenul  and  most  satisfactory 
results  have  followetl. 

a.  hirtelluvif  the  native^  species  from  which  our  valuable  varieties,  like  Hough- 
ton, Downing,  etc.,  are  derived,  is  found  growing  indigenously  in  the  northern 
sections  of  the  United  States.  Its  improved  varieties  (though  not  recognized  in 
1845)  have  already  fairly  eclipsed  all  purely  foreign-  sorts,  except  in  the  hands  of  a 
few  amateurs  in  favored  sections,  and  were  it  not  for  the  depredations  of  the  cur- 
rant cateri>illar.  which  is  a  serious  pest  to  this  fruit  as  well  as  the  currant,  the  cult- 
ure of  the  goose U>rry  would  jnove  exceedingly  profitable.  Improved  varieties  are 
already  nunieroiLs  and  of  quality  scarcely  inferior  to  foreign  sorts,  but  as  yet  not 
cultivated  up  to  the  enormous  size  of  some  of  their  European  relatives.  They  are, 
however,  immensely  productive,  and  for  culinary  purposes  as  a  pleasant  acid  fruit 
stand  second  only  to  the  cranberry.  • 

The  Cranberry  {Vaccimum  inacrocarpum). 

This  sjiecies  of  the  cranbervy  is  a  purely  native  one  and  to  it  belongs  all  the  really 
valuable  varieties  in  cultivation  in  this  country.  Prior  to  about  1840  no  attention 
was  given  to  the  culture*  of  the  cranberry  in  the  United  States,  the  native  wild 
fruit  from  the  peaty  hogs  on  our  northern  borders  supplying  all  market  demands. 
The  first  efforts  at  iin]>roAing  and  cultivating  the  cranberry  were  made  an  Oape 
Cod,  where  tho  industry  has  grown  to  immense  proportions.  Andrew  S.  Fuller,  m 
his"  Small  tYuitCulturist."  published  in  1867, in  speaking  of  the  growth  erf  cran- 
berry culture  in  |X)rtions  of  Massachusetts,  Connecticut,  and  New  Jersey,  says:  **  Not 
only  iiave  individuals  turnt- d  their  attention  to  it,  but  companies  have  been  formed 
witli  abundant  means  to  cultivate  the  cranlx?rry  upon  an  extensive  scale."  P.M. 
Augur,  of  Connocticut,  says  th(»  cnmberry  "occupies  a  niche  by  itself , crowding 
out  no  other  fruit:'*  that  is  to  say,  it  **  thrives  best  where  no  other  fruit  will 
grow."  Its  native  liahitat  is  in  the  swamps  and  bogs  of  the  northern  section  of  the 
United  States,  and  it  can  only  \ie  successfully  grown  where  the  ground  may  be  artifi- 
cially fi(>(Kl(Ml  with  fresh  wat(n-  at  certain  seasons  of  the  year — at  the  blooming 
season,  to  juotect  the  blooms  from  injury  by  spring  frosts  and  for  the  winter  protec- 
tion of  the  ])lants.  Where  such  lands  can  be  had,  with  an  abundant  supply  of 
water  under  |>erfei  t  eoniroi.  to  be  turned  on  or  off  as  need  be,  from  50  to  200  ousels 
per  acre  may  \h^  produced  with  great  certainty ,  which  sell  readily  for  remunerative 
prices.  J.  S.  Stioknev,  of  Wi.st^onsin.  estimates  the  annual  vahie  of  the  cranberry 
crop  of  that  State  at*  from  .s;]()0,0()(>  to  |;.'>00,000.  Since  the  attention  of  the  fruit- 
grower has  l)een  turned  toward  the  culture  of  this  fruit,  numerous  improved  va- 
rieties have  been  brought  into  notice.    Downing  says  **  the  value  of  the  oommon 
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cranberry  for  tarts,  preserves,  and  otlier  culinary  uses  is  well  known."  The  cran- 
berry is  the  last  of  the  small  fruits  to  ripen,  thus  prolonging  the  season  of  this  class 
of  fruits  in  a  fresh  state  to  midwinter  or  even  later,  and  as  it  may  be  grown,  as 
above  indicated,  on  land  wholly  uniit  for  the  production  of  other  garden  crops  it 
may  be  fairly  entitled  to  our  favorable  consideration  and  esteem. 

The  Huckleberry  (F.  eorynibomm). 

The  huckleberries,  purely  native  species,  belong,  as  above  indicated,  to  the  same 
botanical  genus  as  do  the  cranberries.  There  are  many  species  of  this  fruit  found, 
both  in  the  swamp  and  hill  regions,  along  our  northern  borders.  Perhaps  the  best 
of  these  is  that  under  consideration.  According  to  Fuller,  as  late  as  18o7  very  lit- 
tle had  been  done  by  way  of  impro\ing  the  huckleberry.  He  says :  *  *  Time  and  again 
have  I  endeavored  to  direct  the  attention- of  small-fruit  culturists  to  the  long-neg- 
lected huckleberry,  but  with  no  apparent  good  results; "  adding  further,  **  why  this 
neglect  I  am  at  a  loss  to  underst^d,  for  tlie  huckleberry  possesses  naturally  tetter 
quaUties  than  even  the  currant  or  gooseberry."  Notwitlistanding  this  criticism, 
coupled  with  the  high  indorsement  of  the  naturally  good  qualities  of  the  snecies,  I 
am  not  aware  that  any  great  progress  has  since  been  made  in  the  way  of  domesti- 
catine  and  improving  the  huckleberry.  Having  noted  the  wonderful  proerees 
already  made  by  way  of  improving  many  of  our  native  fruits,  we  are  still  at 
a  loss  to  know,  as  Mr. Fuller  has  well  said,  **  why  this  neglect"  of  a  species  so 
promising  and  really  so  valuable  in  its  native  state,  for  the  wild  huckleberry  is  a 
source  of  great  commercial  value  wherever  it  naturally  grows.  That  the  huckle- 
berry is  destined  to  become  a  domestic  fruit  of  no  inconsiderable  value  I  have  no 
doubt,  but  it  may  take  time  and  patient  skill  to  produce  the  necessary  improvements, 
to  adapt  it  to  profitable  garden  culture.  It  is  said  that  '*  the  baboons  of  Africa  aie 
fond  of  fire,  and  they  are  said  to  gather  and  sit  around  an  abandoned  camp  fire  till 
the  last  ember  is  out,  but  thev  haven't  quite  sense  enough  to  poke  the  brands  together 
to  keep  the  fire  alive."  Shall  we,  with  like  lack  of  foresight,  permit  this  valuable 
native  species  to  longer  exist  without  applying  to  it  the  persuasive  arts  of  hoorti- 
culture? 

The  Barberry  (Bei-heris  vulgaris). 

There  is  probably  little  to  be  expected  by  way  of  improvement  that  maybe  made 
in  this  fruit,  which,  according  to  Downing,  is  indigenous  to  the  north  temperate 
zone  of  both  hemispheres.  He,  however,  devotes  a  short  chapter  to  its  considera- 
tion, saying  while  it  is  "too  acid  to  eat,  it  makes  an  agreeable  preserve  and  jelly, 
and  an  ornamental  pickle  for  garnisliing  some  dishes."  l!\iller  ^ves  it  more  atten- 
tion, describing  a  number  of  varieties  and  claiming  for  the  species  great  suscepti- 
bility of  improvement,  and  thinks  it  *'  might,  if  a  proper  amount  of  care  were  be- 
stowed upon  it,  become  a  fruit  of  much  importance." 

The  June-berry  {Amalanchier  Canadensis), 

Dr.  Gray  says  this  native  sixicies  **  varies  exceedingly."  It  ranges  in  its  various 
subspecies  from  a  low  shrub  not  larger  than  the  currant  bush  to  an  arboreous  form. 
It  is  strange  that  this  native  fruit,  which  is  strictly  pomaceous,  being  closely  allied 
to  the  genus  Pyrus,  has  neither  received  notice  by  Fuller,  Downing,  nor  any  other 
American  author.  The  large  species  is  a  really  handsome  tree,  well  worthy  of  a 
place  as  an  ornamental  if  not  as  a  fruit-bearing  sixjcies.  The  fruit,  which  is  small 
and  berry-like,  is  of  a  purplisli  red  color,  ripening  m  Jime,  hence  the  common  name 
of  Jime-beny  by  which  it  is  frequently  known.  It  has  a  pleasant  acid  flavor,  and 
is  especially  attractive  to  children  and  birds.  I  am  not  aware  tliat  anv  attempt  has 
been  made  to  improve  by  cultivation  the  tree-like  form  of  the  species,  but  in  case  of 
the  dwarf  forms  some  advance  has  been  made  by  waj  of  subjecting  thepa  to  garden 
culture  and  with  quite  satisfactory  results.  There  is  really  much  in  this  fruit  to 
encourage  the  experimenter  in  the  work  of  domesticating  and  improving  the 
species. 

The  Buffalo  Berry  {Shepherdia  argentea). 

Fuller,  in  his  Treatise  on  Small  Fruits,  has  considered  the  Sh^herdia  worthy  of 
a  somewhat  lengthy  notice.  He  says:  **  It  is  seldom  seen  in  cultivation,  but  it  is 
really  deserving  of  a  place  in  every  garden."  It  is  a  native  shrub  or  small  tree 
found  growing  wild  in  Dakota  and  in  the  headwaters  of  the  Missouri  River.  It  is 
doubtless  extremely  hardy  and  if  sufficientiy  fruitful,  as  Fuller  indicates  it  to  be» 


REPOBT  OF  THE  POMOLOGIBT.  698 

with  other  good  qualities  which  he  ascribes  to  it,  it  is  a  matter  of  smxnise  that  it 
has  not  been  more  extensively  cultivated.  The  pUmt  itself  is  qtdte  ornamental,  and 
it  certainly  deserves  further  trial,  especially  in  the  ocM  Northwest 

The  Black  Haw  (Fii&tirtitimjpnmfrolliim). 

Here  is  a  hardy  native  species  of  pleasant,  edible  fndt  which  remains  wholhr 
neglected,  so  far  as  any  effort  as  to  its  culture  and  improyementis  concerned,  itis 
the  berry-like  fruit  of  a  small  tree  or  shrub  found  growing  wild  in  thickets  of  tiie 
northern  section  of  the  United  States,  from  New  Emgiandto  Kansas,  and  is  highly 
prized  by  boys  (who  are  always  good  judges)  and  numerous  wild  animals,  Iwd 
especially  birds.  What  its  future  value  may  prove  to  be  in  the  hands  of  the  tMX^ 
tm  horticulturist  remains  for  coming  generatfcms  to  decide.  That  other  fruits  of 
scarcely  more  natural  promise  have  oeen  greatly  impcoved  and  r^idered  valoaUe 
history  attests. 

The  Tree  Crakbeeby  (Vibumum  opuliis). 

Notwithstanding  the  common  name  of  this  fruit,  it  is  in  no  way  related  to  the 
true  cranberries,  but  is  a  member  of  the  same  botanical  familv  as  the  preceding 
species.  Its  common  name  is  due  to  the  fact  of  its  slight  resemblance  in  fruit,  bow 
in  its  exterior  appearance  and  to  its  fipnghtiy  add  flavor,  and  for  which  it  is  some* 
times  used  as  a  substitute  in  the  kitchen.  It  has  also  been  well  used  and  for  many 
years,  by  enterprising  nurserv  agents,  as  ''bait  for  gudgeons,"  who  are  made  to 
believe  that  they  may  raise  their  own  cranberries  on  land  oertainljrnot  adapted  to 
the  culture  of  the  true  cr^berry.  tn  this  way  the  species  has  been  pretty  jargely 
disseminated,  but  in  the  hands  of  men  who  were  xsot  likely  to  bring  out  its  good 
qualities,  if  it  should  (which  is  quite  probable)  possess  any  such.  It  is  a  native 
shrub  found  growing  wild  in  the  AllM^hany  Mountains.  The  well-known  snowball 
is  a  very  close  European  relative  of  this  q)ecies,  and  has  long  been  cultivated  lor 
its  conspicuous  flowers,  which  has  thus  become  entirely  sterile.  Whe^ier  tibe  tree 
cranberry  (?)  shall  prove  worthy  of  this  notice  or  not,  tne  above  remarlnmajr  flnve 
to  place  it  in  its  true  light  and  to  guard  the  innocent  and  otherwise  unudKmrmed 
against  imposition  through  misrepresentation. 

The  Elderberbt  (Sambucua  Canadensis). 

My  early  recollections  are  associated  with  elderi)erry  pies  ancL  jeUies,  pcenared 
from  the  fruits  which  we  children  gathered  along  the  fence  rows  in  neglected  nelda. 
The  quality  was  greatly  heightened,  as  our  good  mother  assured  us,  I7  an  admii^avs 
of  the  sprightly  acid  juice  of  the  wild  grapes  which  we  industriously  soui^t  for  flie 
purpose.  Of  more  recent  years,  when  cultivated  fruits  were  scarce,  we  nave  found 
m  this  neglected  species  a  \^uable  source  of  table  oomf  orts  and  heelui-givlDg  Inxiiry. 
The  elderberry  is  also  often  used  as  a  source  of  manufacture  of  damflafe  wines, 
which  are  supposed  to  possess  valuable  medicinal  properties.  The  fruit  of  different 
plants  are  known  to  differ  widely  in  a  state  of  nanue,  some  being  very  mndi  more 
fruitful  as  well  as  superior  in  size  and  quality  to  that  of  others.  Tbm  fMt  aliovdd 
encourage  the  horticulturist  in  the  selecnon  and  cultoxe  of  tide  fruit,  w]il6h,eTe^^ 
where  in  neglected  comers  and  hedge  rows,  jpersiBtentiy  poshes  its  dafans  to  our 
notice.  It  is  also  a  great  source  of  food  supj^  to  a  kam  nunber  of  our  feathered 
friends,  which  alone  should  entitle  it  to  our  ooiurideraDon.  Let  the  ektorberry  hb 
considered  as  entitled  toaplace  inourlistof  small  fmitSy  if  we  do  here  plaoett 
almost  at  the  bottom  of  our  list 

The  Mulberbt  (lfi»ni^ 

Downing  honors  the  mulberry  with  a  brief  nottoe,  dwwrihing  at  least  three  varie- 
ti^,  all  perhaps  belonging,  directly  or  b^  hybridiaition,  to  flie  Adriatic  qpedes  (111 
nigra), which  he  represents  as  a  fine  fnut,  but  generally  too  tender  for  oior  cHmata 
He  describes  the  tree  as  small,  seldom  attaining  a  "helcdit  of  more  than  18  or  US 
feet."  Of  recent  years  a  class  of  mulberries,  probably  of  a  different  qwdes,  hate 
been  introduced  from  Russia,  concerning  which  muoh  nasbeen  said  1^  way  of  praise, 
both  as  a  f ruit-bearin&:  tree  of  great  haraihood  as  well  as  a  fSocest  tree,  having  ap^ 
cially  desirable  qualities  for  retimbering  the  plains  of  tiie  Northwest  It  maj  pieb* 
ably  be  well  to  take  some  of  these  representatkaiB  wilii  a  few  grains  of  aPowaaoe^ 
as  tiiey  are  likely  to  prove  to  be  exaggeratkns. 
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M,  rubra  is  a  native  species,  which  Downing  says  is  '^moreor  less  common  in  our 
woods;  the  fruit  is  about  an  inch  long,  and  very  plea«iant  and  palatable  though  much 
inferior  to  the  Black  English.  It  bears  transplauting  well,  or  is  easily  raised  from 
the  seed,  and  may  undoubtedly  be  improved  by  rei)eated  reprcxiuctions  in  this  way.** 
The  native  mull>erry  is  quite  common  in  '*  rich  woods  from  New  England  to  Kan- 
sas," forming  a  handsome,  fair-sized  forest  tree,  the  wood  of  which  is  exceedingly 
durable  for  posts,  cross-ties,  etc.  The  fi-uit  ditfers  very  greatly  on  ditferent  trees, 
showing  a  natural  disposition  to  sport  into  varieties,  which  is  of  itself  enooura|dng 
to  the  experimenter.  The  mulberry  is  certainly  worthy  of  notice  in  a  paper  like 
this,  both  on  account  of  its  present  as  weU  as  its  prospective  value. 

The  Papaw  (Asimina  triJoIxy), 

It  is  indeed  strange  that  no  American  author  on  fruit  cidtm*e  has  considered  the 
papaw  worthy  of  notice.  While  it  is  tnie  that  i'ow  persons  naturally  like  tibe 
papaw  with  its  peculiar  flavor,  it  is  equally  ti'ue  tliiit  but  few  fail  to  acquire  a 
taste  for  it  by  repeated  efforts.  It  is  a  native  throughout  large  sections  of  the  United 
States,  as  Dr.  Gray  says,  from  *•  western  New  York,  Pennsylvania  to  Illinois,  and 
southward. *'  In  its  native  liabitat  it  has  many  admirers,  esj^ecially  among  the  boys, 
who  are  sure  to  hold  the  whereabouts  of  the  lK»st  vai-ieties  in  sacred  rememfaranoe. 
A  papaw  grove  is  a  sure  index  of  the  g<M)d  <}ualilies  of  the  soil,  wliich  has  led  the 
fanners  to  destroy  many  of  the  liest  of  these  for  the  purixise  of  getting  the  land 
reedy  for  cultivation  in  other  and  l»etter- paying  croiw*.  This  procM?«s  of  destruotion 
has  been  carried  to  an  extent  which  already  threatens  the  exterminution  of  the  spe- 
cies, unless  it  is  soon  taken  up  by  the  hoHiVulturist — which  it  certainly  deserves  to 
be— -end  ad(^ted  into  our  gardens.  The  American  C3cl<>[)edia,  which  is  about  the 
only  authority  which  I  can  And,  outside  of  lK:)tanical  text-lKK»ks,  which  stops  to 
notice  tills  fruit,  well  says,  in  8iM.»aking  of  its  worth,  that  **8orae  trees  prirauoe 
in  the  wild  state  fruit  of  suiK*rior  sizt»  and  excellence,  and  doubtless  it  oould  be 
greatly  improved  by  selection  and  cultivation.'*  The  writer  fully  concurs  in  this 
o^Mnion,  and  he  tnists  that  this  neglect  of  so  promising  a  native  si)ecies  may  not  kmg 
continue. 

The  Persimmon  (Dios^n/roH  Virgininna), 

Here  is  another  native  species  of  even  greater  i>r(>mi8e  than  the  x>apaw,  which 
has  been  almost  entirely  neglec^ted.  The  ])ersiuuiu)ii  is  found  wild  in  a  number  of 
the  older  States  of  the  tJnion,  from  Florida  to  Arkansas,  and  northward  to  the  for- 
tieth degree  of  latitude.  In  largt?  sections  of  this  vast  teiritory  it  constitutes  a  con- 
siderable part  of  the  Hving  of  the  iK)orer  classes,  besides  being  enjoyed  by  the  well- 
to-do  in  life;  while  animals  and  birds,  domestic  and  wild,  of  almost  all  deecriptions 
hail  the  ripening  of  the  persimmon  with  evident  satisfaction.  It  grows  along  the 
fence  rows,  in  neglected  comers,  and  in  abandontHl  and  worn-out  fields,  and  with 
the  persistence  of  the  native  blackl)erry  forces  itself  upon  us,  and  with  its  luscious 
products  everywhere  claims  our  attention.  It  further  encourages  us  by  its  disposition 
to  sport  into  varieties,  some  of  which  greatly  excel  others  in  gcKwi  qualities.  Per- 
haps no  native  fruit  of  the  equal  of  the  iK»rsimmon  in  gocnl  ana  jjromising  qualities 
has  been  so  neglected.  American  horticulturists  must  not  longer  ])as6  by  this  valu- 
able species. 

The  Japanese  Persimmon  (1).  kaki). 

To  further  warrant  us  ui  the  undertaking,  we  luiv(»  of  recent  years  re<"eived  from 
Japan  the  Asiatic  relative  of  our  ix^rsimmon,  whicli.  In-  that  i)ainstaking  people, 
has  already  reached  a  high  state  of  developnic^nt.  Tlun^  nvo  a  nuiLil;er  of  varieties 
of  Japan  nei-simmon,  which  is  a  tiiily  magniticent  I'liiil,  already  in  hearing  in  Cali- 
fornia ana  the  Gulf  States,  where  it  flourishes,  and  w  here  it  l)ids  fair  soon  to  be- 
come both  popular  and  valua})le.  This  fruit  is  so  thoroughly  domesticated  and*so 
highly  bred,  havmg  r(*ceived  centuries  of  careful  culture,  as  may  be  shown  by  its 
immense  size,  fine  qualities,  and  in  some  varieties  tlie  entire  elimination  of  all  seeds, 
and  is  so  closely  related  to  our  nativosjieeies  as  to  readily  hybridiz(»  with  it,  which 
is  8atisfact<^)ry  proof  of  the  ])r(>l)al>le  susceptibility  t)f  the  latter  of  shuilar  improve- 
ment. It  is  claimed  that  valuable  hy})ri(ls  are  already  in  exist(?nce.  which  adde  to 
the  hope  of  thus  securing  varieties  of  suflicieut  luirdiliocKl  to  render  their  culture 
possible  much  farther  north  than  the  present  limit  of  culture  of  the  Japan  speolQS* 
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CONX'LUDING  REMARKS. 

We  have  now  hastily  noticed  each  of  the  fruits,  native  and  introduced,  which  are 
grown  to  any  great  extent  in  tlie  United  States.  In  the  preparation  of  this  paper  I 
have  heeii  woiuleri'ulh^  inipresse<l  with  the  growing  imix)rtance  of  our  native  spe- 
cies of  fruits.  ]Many  of  lliese  are  pi'cuharly  American,  while  others  liave  their  for- 
eign relatives,  wliich  havn  been  introduced  from  abroad.  Apiong  the  latter  may 
be  mentioned  the  phun,  grape,  strawberry,  nispberry,  gooseberry,  cranberiy,  mul- 
berry, huckleberry,  and  the  persimmon.  White  the  native  sj^cies  have,  perhaps, 
in  no  instance  reached  tlie  degret*  of  excelh^nce  of  fruit  to  which  their  foreign  rela- 
tives }iav(?  attained  through  the  long  years  of  careful  training  which  they  have  been 
subjected  to,  it  is  nevertheless  true  that  ui  point  of  hardihood  and  constitutional 
vigor  of  fruit  and  ])lant  tliat  they  compare  favorably,  if,  in  reality,  they  do  not  gen- 
erally excel.  The  bhickberry,  huckleberry,  service,  and  papaw  are  distinctively 
American  speci<'s,  and  :;  It  hough  s<»Tne  of  these  have  not  neen  domesticated,  our 
success  in  inij»roving  oiii  native  frails  should  prompt  us  to  keep  in  mind  the  work 
so  well  begun,  and  which  has  given  us  such  satisfactory  results. 
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REPORT  OF  THE  CHIEF  OF  FORESTRY  DIVISION. 


Sir:  I  have  the  honor  herewith  tp  submit  my  third  anniuJ  report 
ou  the  work  of  the  Forestry  Division.  In  proportion  to  the  provis- 
ions for  this  work,  which  nave  been  measuredfas  scantily  as  usual, 
the  lines  of  investigation,  commenced  the  year  before,  have  advanced 
satisfactorily  though  slowly.  No  new  lines  of  investigation  have 
been  begun,  since  limitation  and  not  expansion  is  dictated  by  the  ap- 
propriations granted  by  Congress; 

It  will  be  useless  to  call  for  "practical**  work-^whatever  may  be 
meant  by  this  term — until  adequate  meanjB  are  provided  for  such. 
Tlie  only  possible  practical  work  of  this  kind  which  directly  encour- 
ages reforesting  and  which  the  Division,  as  at  present  equipped, 
might  perform,  namely,  the  distribution  of  plant  material,  had  been 
attempted  the  year  before  on  a  novel  and  well-working  plan,  but  had 
to  be  abandoned  because  with  the  funds  at  disposal  this  year  no  sat- 
isfactory arrangements  in  that  direction  could  be  made. 

DISTRIBUTION  OP  PLANT  MATERIAL. 

I  have  dealt  in  my  last  report  to  you  on  the  desirability  of  thiff 
method  of  encouragement,  if  carried  out  in  a  proper  manner  and  in 
adequate  proportions ;  ana  I  may  add,  that  distribution  of  plant  ma- 
terial for  agricultural  and  for  forest  planting  differs  in  pnnciple  as 
well  as  in  object.  While  seed  distribution  in  the  fibre*  case  may  be 
desirable  for  the  purpose  of  introducing  new  kinds  and  improving 
the  nature  of  agricultural  crops,  the  distribution  of  forest  plant  ma- 
terial has  a  different  object  in  view.  It  has  less  to  do  with  me  intro- 
duction of  new  kinds  than  with  inducing  the  planting  of  a  crop  which 
without  some  special  inducement  would  not  be  planted  at  all,  whUe 
iis  existence  and  propagation  is  desirable  for  the  community  at  large 
for  several  reasons.  In  our  country  especially,  where  immediate  re- 
turns from  an  investment  are  more  frequently  looked  for  than  in 
older  countries  and  where  the  practice  of  forest  {^anting  and  forest 
management  is  not  yet  established,  this  kind  of  encoun^ememt  seems 
<iuite  legitimate,  and  if  carried  out  on  a  judicious  plan  appears  the 
only  means  for  the  General  Government  directly  and  pracucaJly  to 
acivance  the  practice. 

In  other  countries,  monarchical  and  republican  in  their  constitution, 
this  aid  to  forest  industry  is  employed  on  a  large  scale  and  with  great 
success.  Not  only  do  State  and  county  governments  resort  to  it,  but 
societies  and  even  private  estate  holders  consider  it  within  their 
sphere,  and  a  proper  direction  of  their  funds  and  activity,  to  furnish 
plant  material  eitner  free  of  cost  or  at  nominal  prices.  1  have  given 
some  statistics  of  this  kind  of  forestry  work  in  my  last  repoiS  and 
may  add  the  following  data,  to  impress  not  only  tlie  evident  desira- 
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bility  of  i)lant  distribution  hut  also  to  givo  an  idea  of  the  extent  to 
which  it  must  ho  carried  in  order  to  he  effective: 

In  Bohemia  (area,  20,000  square  miles;  inhabitants,  6,600,000) 
during  the  year  1887  were  distributed  to  communities  and  small 
farmers  by  the  council  of  agriculture  754  pounds  of  conifer  and  152 
pounds  of  deciduous-leaved  tree  seeds;  by  estate  holders,  1,408,100 
conifer  plants,  12,450  broad-leaved  plants,  and  488  pounds  of  conifer 
seeds;  by  nurseries,  with  Government  aid,  1,072,908  conifer  plants;  or 
altogether  the  free  distribution  amounted  to  3,303,450  plants  and 
1,494  pounds  of  seed.  In  the  spring  season  of  1888  these  distribu- 
tions amounted  to  1,441,000  plants  and  1,590  pounds  of  seed.  The 
Society  of  Agriculturists  also  distributed  to  the  members  of  the 
County  Agricultural  Society  of  Tepel  12,000  plants.  The  Bohemian 
Forestry  Association  has  during  the  last  thirteen  years  distributed 
24,970,987  tree  i)lants  and  9,180  i)ounds  of  seed,  partly  free  of  charge 
and  partly  at  mmiinal  j)rices. 

In  Switzerland  (area,  10,000  square  miles;  inhabitants,  2,700,000) 
during  1887  there  were  over  5,050,000  plants  and  1,550  pounds  of  seed 
distributed,  the  council  approi)riating  also  $26,000  towards  reforesta- 
tion. 

InMfehren,  Austria(area,  8, 000 square  miles ;inliabitants,  2,200,000), 
during  the  spring  of  1888,  the  government  (state  and  county)  dis- 
tributed 5,954,584  plants;  nurseries  and  estate  liolders,  1,769,000 
plants;  so  that,  as  in  the  year  before,  nearly  8,000,000  seedlings  were 
given  to  the  small  farmers. 

In  South  Australia,  a  country  situated  v(^ry  much  like  our  own 
Western  ])rairies  and  i)lains  in  rt^gard  to  climatic  and  forest  condi- 
tions, the  forest  department  for  several  years  past  distributed  large 
amounts  of  plant  mat(?rial  with  the  greatest  success,  as  I  have  more 
fully  shown  in  my  last  rei)ort. 

On  this  occc'ision  I  should  not  omit  tq  express  the  obligations  of 
the  Dei)artment  to  the  forest  conservator  of  South  Australia,  Mr. 
John  Eilnie  Brown,  who  verv  courteously  furnished  to  the  Depart- 
ment, free  of  charge,  several  hundred  pounds  of  acacia  seed  for  dis- 
tribution in  the  southern  parts  of  the  country.  It  is  also  gratifying 
to  note  in  this  connection  that  the  tree  seeds,  a  few  packages  of  wnicn 
the  Department  was  able  to  send  from  its  stock  m  return  for  this 
courtesy,  are  reported  as  germinating  very  satisfactorily,  showing 
that  the  complaints  occasionally  received  in  regard  to  the  quaJityof 
the  seeds  are  charj^eable  to  the  inappropriate  handling  of  the  same. 
The  Department  is  also  under  obligations  to  Heinnch  Ritter  von 
Manner,  a  j)rominent  grower  of  osiers  in  Austria,  for  a  most  valuable 
collection  of  some  sixty  varieties  of  osier,  sent  gratuitously.  The 
cuttings  were  distributed  among  the  State  experiment  stations  for 
the  purpose  of  testing  the  adaptability  of  the  various  basket  willows 
to  the  different  sections  of  our  country.  The  results  of  this  experi- 
ment have  not  yet  been  collected. 

FORESTRY   INTERESTS  IN  THE  STATES. 

During  the  past  year  it  seems  that  the  interest  in  forestry  matters 
has  not  only  grown  more  rapidly  than  before,  but  is  taking  prac- 
tical shape  in  every  part  of  ttio  country.  I  hav(^  before  me  reports 
by  the  State  Bt^ard  ot  Forestry  of  California,  by  the  Forest  Commis- 
sioner of  Colorado,  by  the  Forest  Commission  of  Michigan,  by  the 
Forestry  Bureau  of  Ohio,  by  the  Forest  Commission  of  New  York. 
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All  of  tlioso  documents  exhibit  an  advance  over  the  same  ^kind  of 
literature  in  former  years,  by  becoming  more  definite  in  their  con- 
tents iu\(\  recommendations,  and  discussing  directly  questions  of  local 
forj^stry  interest. 

Since  it  is  still  the  office  of  this  Division  to  aid  in  bringing  about  a 
general  appreciation  of  the  objects  of  forestry,  I  consider  it  j)ro2>er 
in  tliis  place  to  call  special  attention  to  the  work  of  these  commissions 
and  to  oriefly  review  their  reports. 

California. — The  second  biennial  report  of  the  California  State  Board  of  Forestry 
constitutes  a  volume  of  nearly  200  pages.  It  is,  perhai>8,  the  most  important  and 
vahmble  report  y(»t  made  by  any  State  forestry  board  in  this  country.  It  is  illus- 
trated by  twenty-four  autotype  representations  of  the  characteristic  conifers  of  Cali- 
fornia and  contains  six  county  forest  maps,  in  continuation  of  similar  maps  in  the 
l)rc'vious  report,  which  by  shadings  and  appropriate  marks  and  figures  indicate  at  a 
glance  the  forest  condition  of  the  counties,  the  kinds  of  trees  growing  on  each  sec- 
tion of  land,  and  the  comparative  density  of  growth. 

The  first  third  of  the  report  is  occupied  with  an  account  of  the  work  of  the  com- 
niisjsionors  during  the  last  two  years.  One  of  their  principal  endeavors  has  been  to 
(•tT«'rt  a  reform  in  the  method  of  cutting  the  public  forests  both  of  the  State  and  of 
the  (icneral  Government.  These  had  hitherto  been  greatly  damaged  and  wasted  by 
jH^rsons  cutting  timl)er  wherever  they  could  find  it,  without  having  secured  any  title 
t(;  it  by  ])urcha8e.  The  action  of  the  commissioners  in  exposing  the  extent  of  these 
tn^spjikses  and  aiding  to  bring  the  depredator^  to  punishment  nas  had  the  effect  of 
increafling  the  purchase  of  the  timber  lands,  with  a  consequent  decrease  of  unlawful 
cutting,  and  at  the  simie  time  a  more  careful  and  econonncal  method  of  lumberini^. 
The  timl)er  entries  during  the  year  1887  and  the  first  third  of  the  year  1888  consti- 
tuted al)out  one-third  of  all  the  timber  entries  hitherto  made  in  the  State.  Many  of 
the  luml)ermen  are  now  adopting  a  conservative  management  which  contc^mplates 
the  continuance  of  the  forests  as  a  permanent  source  of  supply  and  revenue  instead 
of  tlicir  being  exhausted  by  a  single  cutting  and  then  abandoned. 

lU'  iH)sting  in  the  mountains  and  wooded  portions  of  the  State  warning  notices, 
caUing  attention  to  the  law  against  Slotting  forest  fires,  and  by  the  activity  of  agents 
of  the  board  in  securing  evidence  against  setters  of  fire,  the  extent  of  forest  fires 
lias  Inen  much  lessened.  The  commissioners  estimate  that  more  than  ten  times  the 
cost  of  the  protei^tivc  st^rvice  1ms  thus  been  8ave<l  to  the  State. 

Tht>  commissioners  have  not  only  endeavored  to  secure  a  conservative  manage- 
ment of  existing  forests,  but  also  to  induce  the  planting  of  bodies  of  trees  in  places 
where  they  are  detlcicait,  and  where  the  native  flora  is  of  but  little  value,  by  dis- 
tributing plant  material  of  trees  not  indigenous  to  the  State.  Among  these  are 
the  catalpa  and  l<H:uRt  and  some  of  the  eucalypts  from  Australia,  ana  also  aca- 
( ias  furnished  by  this  1  )ei>artment.  Experiment  stations  have  been  established  in 
the  dilferent  climatic  belts  of  the  State,  for  the  purpose  of  testing  the  growth  of 
various  kinds  of  trees,  and  thus  ascertaining  their  desirableness  and  their  adapta- 
tion to  various  situations.  The  generosity  of  individuals  has  made  up  for  the  lack 
of  funds  at  the  disposal  of  the  cf)mmisrtioner8,  by  the  liberal  gift  of  lands  f or  ex- 
)>eriment  stations  of  the  value  of  from  seventy-five  to  a  hundred  thousand  dolliurs. 
AVhile  testing  the  (juality  of  trees  at  these  stations,  the  commissioners  have  en- 
«U"avorod,  by  i)lanting  the  stations  in  park  form,  to  cultivate  the  taste  of  the  people 
and  (n(v>iirag(»  the  ))ro<hiction  of  l)eautiful  as  well  as  useful  results  by  tree-planting. 

Following  the  establishment  of  experiment  lotions  for  the  purposes  of  practical 
forestry,  tlie  commissioners  began  last  year  the  work  of  supplying  a  scientific  and 
])opular  description  of  the  fore.«t  trees  of  California.  The  larger  partof  the  present 
reixirt  gives  th(^  result  of  this  work,  so  far  as  relates  to  the  pme  trees  of  the  State, 
whirh  iiK  hide  the  ])ines  of  the  Pacific  slope.  The  description  of  these  trees  by  the 
botanist  of  the  commission,  Mr.  J.  G.  Lemmon,  and  the  well-executed  autotyne 
illu-itrations  of  the  trees  as  they  stand  and  also  of  branches  and  fruit,  make  a  puD- 
lieatiori  of  a  very  interesting  character  and  of  permanent  value.* 

Cnlnni(f(). — The  biennial  report  of  the  forest  commissioner  of  Colorado  has  been 
nHi'iitly  issued.  One  of  the  most  valuable  features  is  a  forest  map  of  the  State, 
prrj.ared  by  tlie  commissioner  with  much  care.  It  shows  the  drainage  system  of 
Colorado  and  the  approximate  Im-ation  and  extent  of  its  forest  and  irrigated  lands, 
as  well  ;is  the  intimate  conniH'tion  existing  between  the  forests,  streams,  and  irri- 

As  this  rei)ort  g<K?H  to  press  it  is  learned  that  the  energetic  and  eflUcient  Board 
of  I orest  Commissioners,  with  Mr.  Abbot  Kinney  as  chairman,  has  had  to  make 
room  for  newapjMjintees. 
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gation  systems  of  the  State.  Tliis  ina]i  and  tlic  report  as  a  whole  should  be  of  g^reat 
service  to  the  jieoplo  of  (^>lorad<).  It  (contains  brief  accounts  of  the  native  trees, 
and  a  statement  in  coiidenwd  form,  by  counties,  of  the  forest  conditions  of  the  State. 
It  shows  what  agencies  are  at  work  to  destroy  the  forests,  what  means  are  now 
used  for  their  preservation,  and  what  fiirtli(?r  action  by  individuals  and  by  th« 
State  and  General  Governments  is  need(?d  for  tliLs  purpose. 

The  reix)rt  shows  that  tlio  commissioner  has  been  diligent  in  discharging  the  duties 
of  his  omce.  Ibi  additi(^n  to  the  compilation  of  the  forest  map,  he  has  done  much 
by  means  of  circulars  and  otlier  publications  to  extend  information  through  the 
State  in  regard  to  the  value  of  the  forests  and  the  necessity  of  preserving  them. 
The  great  and  unnecessary  injuries  inflicted  by  forest  fires  have  been  set  forth. 
Public  meetings  have  been  held  in  various  jmrts  of  the  State  for  tlie  purpose  of  dis- 
cussing the  forestry  question  in  its  local  bearings.  A  greatly  improved  public  opin- 
ion has  already  become  manifest,  which  encourages  the  forest  ofiicers  in  the  dis- 
charge of  their  duties,  and  Ls  preparing  the  way  for  more  advanced  and  effective 
legislation  in  behalf  of  the  forests.  Such  legislation,  in  various  particulars,  is  sug- 
gested briefly  at  the  close  of  the  report.  The  legislature  of  the  State,  at  its  last  ses- 
sion, autliorized  the  establislim(»nt  of  four  forest  experiment  stations,  in  accordance 
with  the  provisions  of  the  bill  for  that  jmrix>se  wliich  was  passed  by  the  last  Con- 
gress. Two  of  these  stations  have  been  located  already  by  tne  State  Board  of  Agri- 
culture, and  a  tliird  will  be  located  very  soon. 

Michigan. — The  first  report  of  the  forestry  commission  of  tliis  State  was  pub- 
lished at  the  cl(»se  of  the  year  1888.  Tlie  commission  was  estjiblished  by  act  of  the 
legislature,  in  June,  1887,  and  organized  in  October  of  the  same  year,  for  the  pur- 
pose of  fumisliing  information  necessjiry  for  the  basis  of  legislation.  The  commis- 
sioners think  that  the  prevention  of  forest  fires  is  the  most  imnortant  subject  for 
consideration  in  Michigan  at  the  present  time,  and  the  principal  work  done  by  the 
commission  during  the  first  year  seems  to  have  been  that  of  seeking  information, 
by  means  of  circulars,  in  regard  to  the  extent  and  character  of  the  forests  in  the 
several  townships  of  the  State  and  the  extent  of  fires  among  them,  the  causes  of  the 
fires,  and  the  methoiis  of  preventing  and  checking  them  which  have  been  found 
most  effective.  The  reix)rt  contains  some  illustrations  showing  the  effect  of  fires  in 
retarding,  if  not  entirely  destroying,  the  after-growth  of  the  forests.  It  contains, 
also,  a  list  of  the  trees  indigenous  to  IVIichigan,  with  brief  description  of  their  quali- 
ties and  ])racticid  uses.  One  thousand  lumber  mills  are  reix)i'ted,  with  a  cai)ital  of 
*48,()00,()00  and  a  product  of  §60,(MK),(MX)  in  value,  with  a  working  force  of  35,000. 

yew  York. — The  details  of  the  rei)ort  by  the  State  Forestry  Commission  show  a 
distressing  condition  of  affairs,  in  so  far  as  much  of  tlie  land,  which  had  lapsed  to 
the  Stat«  for  nonpayment  of  taxes  and  forms  the  basis  for  the  work  of  the  commis- 
sion, is  now  l)eing  redtvmod  at  nomintd  prices  and  passes  out  of  tlie  control  of  the 
Stiite,  by  whose  action  in  the  matt(»r  of  forest  preservation  it  has  become  valuable. 

Tlie  forest  commissioners  urge  the  enactment  of  a  law  for  the  examination  of 
claims  in  reilemption,  and  redemj)tion  to  be  iwrmitted  only  to  actual  occupant. 

They  alst)  advocate  the  iuualgamation  of  tlie  gjuue-protection  and  forest-protec- 
tion service,  which  now  recjuires  two  sets  of  of!icei*s.  Thev  dilate  uix)n  the  difficulty 
of  bringing  timber  thieves  and  incendiaries  to  justice  under  present  laws  of  venu& 
As  is  only  reasonable,  thev  demand  for  the  St«ite  the  right  to  sell  the  old  timber  and 
bark,  the  ]>urchase  of  wild  forest  lands,  the  power  to  lease  small  parcels  to  private 
individuals  for  residence,  the  exclusion  of  railways  from  Sttite  forest  lands,  etc. 

Altogether,  it  seems  that  the  State  of  New  York,  with  the  best  opportunity  for 
demonstrating  a  successf id  manag(»ment  of  forest  lands,  loses  this  opportnnit;^  by 
'inadequate  legislation,  which  handicaps  the  executive  in  carrying  out  the  spirit  ot 
he  legislation. 

Ohio. — The  State  of  Ohio  owning  no  forests  or  land  adapted  to  forestry  purposes, " 
,ne  forestry  bureau  of  that  State  has  dirt^ctefl  its  attention  chiefly  to  the  education 
)f  the  jH'ople  in  regiu-d  to  forestry  matters,  so  as  to  induce  the  individual  land- 
jwners  to  (cultivate  and  protect  properly  their  own  forests.  In  the  fourth  annual 
•eiMjil  of  the  bureau  attention  is  called  to  the  general  need  of  information  on  the 
.(ibject,  and  the  demand  is  ma<le  that  forest  Ixitany  and  forest  zoology  be  tau^lit  in 
he  public  schools  and  that,  as  a  first  stej)  in  this'direction,  these  studies  be  mtio- 

^'"'^d  into  all  the  normal  schools  and  the  State  University  without  delay. 
•  ee  i)lanting,  it  is  also  urged,  should  In?  tiuight  in  the  sc1i<k)1s  to  a  certBun  extent, 

'     his  may  Ix-  done  in  connection  with  the  annual  ArlK>r  Day  celebrations.    The 

-vivtary  thinks  the  atrtual  planting  shoultl  not  l>e  done  by  teachers  or  pupils  having 
-'   VnfAvledge  or  experience  in  tlie  work,  but  that  the  school  authorities  shoula 
-,age  ex»^'»*'«"^""d  tree-i>lanters  to  do  the  work  in  the  ])resence  of  the  schools, 
t  »*■  "uiTi.v.         ^od  that  tl^'^ '^^'^*"  Univer*''*^v  at  'V  "ubus  should  organize  forth 

t.  '^i\     »c^.,  J-    vir*-n^t»r  «»^l1r»/•^w>ll  'tl         l..       .t_rrif»iilf'-ii-j».l    COUeflTQ,  fOT   tfalB 
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education  of  professional  foresters,  of  whom  there  is  great  need,  both  for  the  educa- 
tion of  the  young  and  for  work  in  practical  forestry. 

There  should  also  be  a  forestal  experiment  station  in  connection  with  the  uni- 
versity, supplemented  by  primary  and  secondai^  sta^ons  in  varioi}S  parts  of  the 
State.  The  bureau,  in  connection  with  its  other  work,  is  now  eng^iged  m  efforts  to 
establish  voluntary  forestal  experiment  stations,  with  fair  prospects  of  success. 

It  is  also  a  sign  of  progress  in  forestry  matters  that  the  governor 
of  Pennsylvania,  Hon,  James  A.  Beaver,  has  accepted  the  presi- 
dency of  the  American  Forestry  Congress,  and  in  his  message  to  the 
Pennsylvania  State  legislature  tiikes  speciid  pains  to  refer  to  the 
forestry  work  of  the  congress  as  well  as  of  the  special  commission 
appointed  by  him  to  examine  and  consider  the  subject  of  forestry  in 
Pennsylvania. 

As  further  illustrating  the  progress  of  forestry  work  in  the  country, 
it  is  necessary  to  report  the  aoings  of  forestry  and  horticultural  so- 
cieties in  various  otner  States. 

The  people  of  Maine  were  manifesting  increasing  imterest  in  the 
protection  and  conservative  use  of  our  forest  wealth  Dy  holding,  dur- 
ing the  last  year,  a  forestry  convention,  at  which  a  committee  was 
appointed  for  the  purpose  of  urging  the  President  to  use  his  influence 
with  Congress  for  the  purpose  oi  securing  the  withdrawal  of  the 
public  timber  lands  from  sale  or  occupation,  and  also  to  secure,  by 
means  of  the  next  census,  more  ample  and  satisfactory  information 
in  regard  to  the  forest  condition  of  the  country.  The  State  Grange 
of  Maine  has  also  taken  similar  action. 

In  Massachusetts  the  Society  for  the  Promotion  of  Agriculture  has 
from  time  to  time,  for  many  years,  offered  premiums  for  the  plantinfi^ 
and  cultivation  of  forest  trees.  Last  year  the  society  made  an  award 
of  premiums,  amounting  to  several  thousand  dollars,  for  the  best 
plantations,  and  at  the  same  time  offered  additional  premiums  for 
future  planting. 

The  I^ennsylvania  Forestry  Association,  distinguished  for  its  en- 
terprise and  efficiency,  has  done  much  during  the  past  year,  by  lec- 
tures and  the  issue  or  its  organ,  Forest  Leaves,  to  create  a  proper 
interest  in  forestry  matters  throughout  the  State.  It  has  exerted  what 
influence  it  coula  to  induce  appropriate  measures  by  Congress  for 
the  protection  of  the  public  timoer  lands  of  the  nation.  It  has  un- 
dertaken to  accumulate  a  permanent  fund  by  means  of  which  to 
employ  a  general  agent,  ana  so  increase  its  efficiency.  It  has  also 
determined  to  publish  Forest  Leaves  regularly  every  month  instead 
of  at  irregular  intervals. 

In  Texas  and  Kentucky  State  forestry  acHSOciations  have  been 
formed  during  the  last  year. 

In  Ohio  interest  in  forestry  has  been  stimulated  during  the  past 
year  by  the  exhibition  of  forest  products  which  was  made  in  con- 
nection with  the  Centennial  Exposition  at  GincinnatL 

A  forestry  convention  was  held  early  in  the  year  at  Ghrand  Bapids, 
Mich.  The  Michigan  State  Board  of  A^cultore  was  by  leg;i8latiye 
act  constituted  a  board  of  forestry,  for  the  purpose  of  devising  and 
proposing  needful  forestry  legislation.  The  report  of  this  meeting 
and  of  the  commission  has  been  mentioned  before. 

It  deserves  to  be  mentioned  that  during  the  ^ear  a  vigorous  en- 
deavor has  been  made  to  secure  such  a  chanfi^  in  our  public  land 
laws  as  would  protect  and  preserve  the  puWic  timber  lands  as  a 
source  of  pennanent  use  and  revenue.  This  had  its  initiation  with 
the  American  Forestry  Congress,  as  I  have  outlined  in  my  last  re- 
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port.  A  bill  for  an  act.  was  presented  to  botli  Houses  of  tlie  late 
United  States  Congress,  tlie  ciiief  provisions  of  which  were  the  sus- 
pension of  tlie  sale  of  timber  lands  pending  a  survey  of  the  same, 
then  the  permanent  reservation  of  such  portions  of  them  as  might  be 
deemed  necessary  for  climatic  and  other  reasons,  the  wood  only 
being  sold  from  time  to  time  under  a  svstem  of  licenses,  to  be  cut 
and  removed  under  the  supervision  ancl  direction  of  Government 
officers  appointed  for  the  purpose.  Petitions  in  favor  of  the  bill 
from  various  bodies  and  from  mfluential  persona  in  almost  all  parte 
of  the  country  were  presented  to  Congress,  but  without  effect,  and 
the  work  remains  to  bo  renewed  at  the  assembling  of  another  Con- 
gress. 

One  of  the  most  important  events  of  the  year  in  relation  to  the 
forestry  refoiin  movement  was  the  meeting  in  November  of  the 
American  Forestry  Congress  and  the  Southern  Forestry  Congress 
simultaneously,  at  Atlanta,  Ga.  The  two  congresses  were  merged  in 
one,  hencefortli  to  be  the  American  Forestry  Congress.  Three  days 
were  occupied  with  the  reading  of  pap(u*s  and  the  discussion  of  for- 
est topics.  Committees  were  appointed  for  the  purpose  of  securing 
appropriate  legislation  bv  the  National  Congress  for  the  protection 
of  the  public  forests,  an(f  by  State  legislatures  for  the  promotion  of 
the  interests  of  forestry  ia  the  several  States. 

Lastly  I  should  mention,  as  not  the  least; — j)erhaps  the  most  wel- 
come—devel<)i)ment  of  the  year,  the  establishment  of  a  journal  in 
this  country,  which  not  oiily  devotes  a  ].)art  of  its  space  to  the  dis- 
cussi(ni  of  matters  relating  to  the  forest,  but  is  bold  enough  to  enter 
the  name  on  its  title. 

Oarden  and  Forest  is  a  weekly  journal  of  horticulture,  landscape 
art,  and  forestry,  published  by  Prof.  C.  S.  Sargent,  well  known  by 
his  census  work  on  llio  forest  flora  and  forests  of  the  United  States. 
It  has  brought  duiing  the  year  a  large  amount  of  forestry  reading 
of  the  first  order;  and  while  for  reasons  of  finance  it  is  still  necessary 
to  give  to  the  discussion  of  matters  relating  to  gardening  and  land- 
sca])e  architecture  the  lion's  share,  it  is  to  be  hoped  that  the  readers 
of  forest  literature  will  so  grow  in  numbers  as  to  make  this  part  of 
the  paper  more  and  more  its  prominent  feature. 

The  little  i)ublication  issued  by  the  Pennsylvania  Association, 
Forest  Leaves,  has  also  gone  on  in  its  modest  way,  I'eaching  a  class  oi 
readers  and  serving  a  purpose  different  from  that  of  the  more  pre- 
tentic )us  journal  j ust  mentioned.  By  the  adoption  of  this  publication 
as  the  organ  of  the  American  Forestry  Congress,  a  means  of  com- 
munication will  bo  established  between  the  workers  on  the  field  of 
"••eform  in  forest  economics. 

The  general  and  the  scientific  press  have  also  brought  forth  consider- 
ible  discussion  on  forestry  matters  during  the  year.  The  question  of 
:orew+-  inlluencos  l^'^'^  beer    --i'l^b    liG^nw^''^'^   ai^'l  -»anc^ir;llv  the  influ- 
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')ii^v -  ^.-f>t,-i.i  ixoji  vv. r  -  viCi  i^f^a'  '.  jfwicrNU  pitdervation  and 
oioresunion  is  calio^i  +'  *^gei.!  ujji,*  le  <»laim  that  the  forest 
•over  has  an  influence  Ui^^nx  climatic,  soi.  n^'  vater  conditions,  and 
hus  making  forest  'X)i  i  sor  van  cy  a  matter  o'  :,K.i^..i  -1  «^i»'l  public  interest, 
ho  <lisr-is«i'»n  an*  M^th^mont  of  questic^^^"^-  "••elatn.^  t.  nese  infiuenc^es 
^11^-11/     \i      ../o       iif.  i\v^\    ii  'i^t    -\'    •-.....    ^i-  *w?/M       '^  ■'■^ortuiifttelv 
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tlie  Division  is  not  placed  in  such  a  position  as  to  enable  it  to  da  more 
than  compilatory  work;  the  establisnment  of  stations  with  the  special 
object  of  ascertaining  forest  influences,  which  was  recommenaed  in 
my  former  reports,  is  still,  for  obvious  reasons,  in  abeyance.  A 
thorough  discussion  and  critical  review  of  the  knowledge  and  obser- 
vations on  forest  climatic  influences  so  far  obta^ed  in  other  ways 
lias  been  contemplated,  but,  as  yet,  hae  not  been  completed. 

One  of  the  most  notable  discussions  on  the  subject  of  the  influence 
which  forests  exert  on  rain-fall  occurred  during  this  year  in  the 
Philosophical  Society  of  Washington,  lasting  through  nearly  thred 
meetings.  This  was  called  forth  Dy  a  paper  of  the  writer  analyzing 
the  methods  employed  in  the  discussion  or  this  question.  This  paper . 
was  written  in  answer  to  an  article  by  Mr.  H.  Qannet,  ffeograpner 
of  the  United  States  {Geological  Survey^  aiming  to  pro ve  tne  absence 
of  forest  influence  upon  rain-fall,  which  had  imfortunately  found 
wide  circulation  in  the  daily  and  weekly  press.  I  say  unfortunately, 
because  while  on  the  face  of  it  the  conclusions  reached  seemed,  to 
stand  upon  incontrovertible  facts,  and  therefore  the  general  public 
would  be  led  to  believe  that  a  definite  settlement  of  the  question  had  . 
been  arrived  at  on  a  scientific  basis,  it  was  clearly  shown  in  the  dis- 
cussions referred  to  that  the  conclusions  were  by  no  means  justifi- 
able and  the  flaws  in  the  method  and  reasoning  were  made  apparent. 

Since  Mr.  Gannet's  paper  is  among  the  few  which  refer  m  their 
treatment  of  the  question  to  conditions  prevailinjg  in  our  own  coun- 
try, and  since  the  readers  of  this  report  will  be  interested  in  seeing 
both  sides  of  the  controversy,  it  is  proper  that  I  should  mention  his 
method  of  dealing  with  the  question  and  the  discussions  somewhat 
m  exienso. 

In  the  first  place,  as  regards  the  choice  of  localities  which  were  to 
be  compared  in  regard  to  the  amounts  of  precipitation  during  differ- 
ent periods,  the  prairie  region  comprising  Iowa,  northern  Missouri, 
soutnern  Minnesota,  Illinois,  and  part  of  Indiana  seemed  to  ofi^er  a 
proper  field  because,  as  it  is  asserted,  during  the  last  thirty  years 
this  great  area  has  been  considerably  reforested  by  natural  growth. 
On  the  other  hand,  Ohio,  originaliy  heavily  wooded,  has,  as  is 
known,  been  quite  considerably  deforested,  ana  thus  promises  to  yield 
valuable  data  for  comparison.  A  third  area  was  chosen,  comprising 
New  England  and  parts  of  New  York,  which,  originally  aensely 
wooded,  then  almost  entirely  deforested,  is  said  now  to  be  largely 
grown  u])  to  wood  again. 

Tlie  author  tlien  attempts  to  solve  the  question  whether  these  as- 
serted clianges  in  the  soil-cover  have  been  accompanied  by  changes 
in  the  amount  of  precipitation. 

The  rain-fall  observations  of  twenty-four  stations  in  the  prairie  re- 
gion, varying  in  duration  from  ten  years  to  forty  years,  are,  for  each 
station,  divided  into  two  equal  i)erioa8and  the  amounts  thus  obtained 
for  eacli  of  the  two  periods  are  added,  when  it  is  assumed  that  the 
sum  of  preoipitaticm  m  the  second  period  should  famish  a  larger  num- 
ber if  tne  rain-fall  had  increased.  It  was  found,  however,  that  the 
sums  were  as  follows: 

Sum  of  annual  precipitation  : 

First  half 8,a75 

Second  half 8,008 

Difference •  •  •  —848 
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That  is  to  sav,  the  second  half  of  the  i>eriod  showed  a  decrease  in 
rain-fall,  namely,  1.6  inch  per  year;  only  six  stations  showing  an  in- 
crease— ^the  othei's  a  decrease. 

In  Ohio,  where,  according  to  the  popular  theory,  the  rain-fall  should 
have  decreased,  observations  of  twelve  stations  covering  periods  vary- 
ing from  ten  to  forty-six  years,  were  similarly  treated,  with  the  fd- 
lowing  result; 

Sum  of  annual  precipitation: 

First  half 5,911 

Second  half 5,880 

Difference. -81 

Five  stations  showed  an  increase,  seven  a  decrease.  The  average 
decrease  was  0.21  inch  per  year,  or  so  little  that  it  could  hardly  prove 
the  unfavorable  influence  of  deforestation. 

For  New  England,  it  is  assumed  that  the  period  of  deforestation 
lasted  until  the  year  18G0,  during  which  time  a  decrease  of  rain-faU 
should  be  expected;  after  this  time,  with  the  assumed  reforestation, 
an  increase  sliould  be  noticeable.  The  same  operation  as  applied  be- 
fore, at  eighteen  stations  before  18G0  and  at  fourteen  stations  after 
1860,  gives  the  following  result: 

Sum  of  annual  precipitation; 
Before  18»0: 

First  half 8, 4ir7 

Secondhalf 9,046 

Difference +679 

After  1860: 

First  half 4, 582 

Second  lialf 4, 58S 


Difference 


0 


The  first  period  shows,  contrary  to  expectations,  a  considerable  in- 
crease of  rain-fall  (2.9  inches  per  year),  while  the  reforestation  after 
the  period  shows  no  influence. 

Lastly,  the  author  subjects  twenty-six  stations  of  the  region  west 
of  the  Missouri,  with  observations  varying  from  six  to  twenty-six 
years,  to  this  scrutiny  and  finds: 

Sum  of  annual  precipitation: 

First  half 4, 408 

Secondhalf 4,468 

Difference +60 

Sixteen  stations  show  an  increase  of  rain-fall,  but  the  total  increase 
ts  not  more  than  0.4  inch.  (The  author  does  not  recognize  that  the 
stations  of  longest  record  shgw  the  greatest  increase;  taking  those 

ith  records  of  twelve  or  more  years  alone,  the  increase  would  be 
wer  2  inches  per  year.) 

T'^>'^  conclusions  reached  by  the  author  are  worded  as  follows:  In 

^tviu  to  the  negative  results  in  the  prairie  region,  he  says:  "  I  should 
^ery  slow  to  argue  from  this  a  deleterious  action  flowing  from  the 
ixoi'ea?'^  *^^  'orests,  but  it  seems  to  militate  very  strongly  against  a 
avorah'  '^''^n  upon  rain- fall."  On  finding  Uie  decrease  for  the 
^hiV  ^f»;L^..  .  ^  'U  inch  per  ye-'^i*  bo  says:  **It  is  of  course  unnec- 
-^r>c   ^v  CO  -*^'       •        his  change  *i'     '^*    ^^mall  to  have  any  meaning." 

,c-j  v.nQr|p.t>r    ^..   „    '  ^ftfnr'^c-'-iiif   ^eems  to  be  ftc 
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companied  bv  a  decided  increase  in  rain-falL**  The  increase  of  rain- 
fall west  of  the  Mississij^pi  is  also  considered  too  insij^nificant.  The 
author  then  sums  up  m  the  following  very  positive  deductions: 
*'  With  these  results  in  view,  it  seems  idle  to  discuss  further  the  in- 
fluence of  forests  upon  rain-fall  from  the  economic  point  of  view,  as 
it  is  evidently  too  snght  to  be  of  the  least  practical  importance.  Man 
has  not  yet  invented  a  method  of  controlling  rain-fall."  And  in 
another  place:  **  We  may  therefore  dismiss  as  baseless  the  popular 
idea  of  an  increase  in  rain-fall  either  annual  or  during  the  growing 
season." 

In  the  discussion  of  this  paper,  referred  to  above,  it  was  shown 
that  these  conclusions  could  not  be  drawn  with  such  positiveness,  for 
the  following  reasons: 

(1)  The  method  employed  is  inadmissible  because  it  uses  incon- 
gruous data  for  comparison,  the  periods  of  observations  drawn 
together  being  of  very  uneven  duration  and  therefore  in  their  two 
halves  not  representing  periods  of  different  forest  condition. 

Most  stations  are  of  recent  origin  and  furnish  therefore  no  data 
for  tlie  conditions  of  older  times;  by  adding  half  their  results  to  those 
actually  referring  to  earlier  conditions,  ttie  tendency  would  be  to 
equalize  the  results. 

(2)  It  was  doubted  that  the  reforestation  of  the  prairies,  on  the 
whole,  had  takenplace  to  such  an  extent  as  to  appreciably  change 
its  forest  area.  Wot  the  Ohio  region  it  was  to  be  remarked  that  the 
main  deforestation  took  place  at  the  end  of  the  preceding  and  begin- 
ning of  this  century,  while  most  of  the  stations  are  only  ten  or  twenty 
years  old  (only  three  are  older),  and  therefore  do  not  present  data 
covering  a  time  of  appreciably  greater  forest  area.  It  was  also 
doubted  whether  the  waste  lands  of  New  England  covered  with 
a  sparse  brush- wood  could  be  considered  as  forest  areas  exerting  an 
influence. 

(3)  The  material  used  for  the  discussion,  granting  that  it  pre- 
sented reliable  data,  which  was  doubted,  was  inadequate  for  the  rea- 
sons adduced. 

(4)  It  was  shown  that  periodical  variations  exist  in  the  amount  of 
precipitation,  which  can  be  expressed  by  a  wave-line  or  curve  with 
recurring  high  and  low  levels.  By  cutting  any  one  period  in  these 
in  an  arbitrary  manner,  any  result  may  be  obtained  that  seemed  de- 
sirable. It  was  therefore  advisable  to  compare  only  periods  relating 
to  the  same  historic  times,  and  of  sufficiently  long  duration  to  equal- 
izo  the  secular  variations, 

(5)  Lastly,  it  was  shown  that  whatever  observations  of  rain-fall 
we  have  are  absolutely  unreliable  and  useless  for  the  discussion  of 
forest  influences,  since  it  is  not  the  rain-fall  but  the  catch  of  different 
rain-gauges  which  we  compare,  and  the  rain-gauges  which  are  or 
liavo  been  in  use  are  liable  to  errors  of  very  considerable  magnitude. 

The  concurrence  of  opinion  then  recurred  to  the  position  which 
had  been  taken  by  the  writer  at  the  outset,  namely,  that  we  had  no 
data  upon  wliich  to  discuss  the  question  with  precision  and  on  a 
mathematical  basis. 

In  regard  to  the  last  two  points,  I  deem  it  of  interest  to  reproduce 
in  abstract  the  papers  of  Mr.  A.  H.  Hazen  and  Prof.  Cleveland 
Abbe,  of  the  Signal  Service,  which  were  read  during  these  discus- 
sions. 

Mr.  Hazen  referred  to  the  secular  variations  which  are  known  to 
exist  in  every  series  of  annual  precipitatioii^  and  which  are  of  such 
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magnitude  as  to  overshadow  any  influence  like  tliat  of  the  forest. 
He  also  i)ointed  out  that  deciduous  forests,  such  as  alone  concern  us 
in  the  regions  under  observation,  can  influence  rain-fall  only  during 
the  season  of  leaf:  and  if  the  other  seasons  are  united  witli  this  the 
result  will  be  masked  as  far  as  this  influence  is  concerned. 

We  have  several  stations  in  the  rerion  referred  to  with  a  record 
of  about  forty-eight  years.  Taking  tne  observations  of  these  during 
May,  June,  Julj^,  August,  and  September,  and  summing  up  sepa- 
rately the  precipitation  during  the  nrst  and  during  the  second  twenty- 
four  years,  we  lind  as  follows: 


Summer  rain  in  inches. 

St.  Louis. 

Madison. 

Muscatine. 

Morenga 

First  twentv-f our  years 

MO 
468 

517 
461 

645 

4n 

006 

Second  twenty-four  years 

4ti 

Decrease  second  Deriod 

87 

66 

74 

57 

These  results  would  lead  us  to  conjecture  a  reducing  influence  of 
forests  on  rain-fall. 

But  it  is  found  on  projecting  the  curves  of  rain-fall  observations 
that  a  minimum  in  the  secular  variation  occurs  about  the  year  1877 
or  within  the  last  period  of  our  observations,  and  this  accounts  for 
the  smaller  amounts  or  decrease  in  the  last  half  of  the  period. 

Besides,  the  writer  argued  from  his  own  observations  the  reforesta- 
tion claimed  for  the  rt^gion  in  which  the  stations  are  situated  has 
been  so  slight  that  it  coiud  not  very  well  be  considered  as  a  factor  of 
climatic  influence.  He  argued  further,  from  the  observation  that 
fogs  linger  much  longer  over  a  forest  than  over  an  adjoining  field, 
that  a  greater  humidity  of  atmosphere  above  the  forest  must  oe  ad- 
mitted, which  tends  to  increase  precipitation,  and  since  the  air  is  less 
desiccated  over  a  forest  than  over  an  open  field,  rain-drops  when 
formed  in  the  upper  strata  are  not  dried  up  in  their  descent  when 
reaching  this  air  of  greater  humidity  as  they  would  be  in  the  drier 
atmosj^iiore  above  the  field. 

Protessor  Abbe  showed  that  all  observations  hitherto  made  with 
rain-gauges  at  various  heights  above  ground  agreed  in  demonstrating 
a  very  doci  J(h1  diminution  in  the  catch  of  the  gauge,  the  diminution 
increasing  with  the  height.  The  relation  between  the  catch  at  any 
height  and  that  of  the  normal  gauge  at  the  ground  is,  approximately: 

r^  n  ->     Lower— upper      ^  . ^       /  ...^    ■> — ^ ; — :s—r- 

n^fir^i   -         -^.-—...^^      -0,07  ^  -^«^iMudeof  upper  m  feet 


li 


/I 


Ml 


iiiv  o  ouo  ciitci  UL  » ilia  in  drifting  the  slowly  falling 
.)«ii'ticicd<)f  snow  and  fine  rain  out  of,  over,  and  away  from  the  gauffe. 
^  le  numerical  coc^tficierit,  7  per  c(Mit.,  is  an  average  for  the  winSs, 
ows,  and  line  rains  of  Europe,  and  varies  with  the  special  character 
>vory  wind.  The  only  practicable  method  of  allowing  for  this  ef- 
vjut,  and  one  that  really  does  give  a  sufficiently  valuable  correction  to 
u'dinarv  rain-gaugo  measurers,  consists  in  placing  several  ^uges  near 

1  at  <^^H'erent  altitr-^es  H/  aiK    i")  and  reading  theirin- 

1^  ^liTnination  deducing 


"icli  otlio^'  and 


,'.r  "'11 


Q.rj/ 


1^ 


oi, 
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the  reduction  (x)  to  normal  gauge  of  the  readings  for  that  storm.    The 
equations  are: 

u'  u" 

normal^       ^  ^  normal'*       -^  ^ 


Whence 


u'-u" 
""""uW-u'Vli' 


And 

Normal  rain-fall=r — ^  x^  —  - — ^    i.  ■.„  etc. 

1—  X  vP      1  —  X  /h" 


u'  u" 


The  author  showed  that  the  shielded  gaujges  devised  by  Prof.  Joseph 
Henry  in  1856  and  Prof.  F.  E.  Ni]^er  m  1876,  €md  the  protected 
gauges  used  by  Bomstein,  Wild,  and  JEellmann,  to  a  very  considerable 
extent  overcame  in  a  mechanical  manner  the  injurious  influences  of 
eddies  at  the  mouth  of  the  ^auge  caused  by  the  wind,  but  they  do  not 
give  much  satisfaction  in  the  measurement  of  snow. 

Tlie  differences  exhibited  by  a  number  of  gauges  scattered  over  an 
.area  of  two  square  miles,  as  for  example  in  the  experimental  rain  fiel^ 
near  Berlin  and  the  gaiiges  scattered  over  the  District  of  Columbia. 
are  not  entirely  due  to  local  geographical  distribution  of  rain-ffdl,  but 
also  to  local  peculiarities  of  the  strength  of  the  wind  by  reason  of 
which  the  catch  is  affected  as  above. 

The  chronological  irregularities  in  the  record  of  a  single  gauffekept 
for  a  long  time  in  one  locality  are  very  largely  due  to  chroncnogical 
irregularities  in  the  wind  attending  the  rain  and  in  the  character  of 
the  precipitation,  namely,  fine  rain  or  snow.  Thus  questions  of  the 
graaual  change  in  climate  as  shown  bv  rain-fall  can  not  be  intelli- 
gently discussed  until  the  records  of  the  rain-gauges  are  corrected 
for  the  insidious  and,  relatively  speaking,  enormous  errors  intro- 
duced by  the  action  of  the  wind  at  the  mouth  of  the  gauffe. 

The  author  stated  that  already  in  Bavaria  and  in  India,  during 
the  past  two  years,  the  importance  of  this  correction  has  been  real- 
ized, and  the  proper  method  of  computing  it,  as  above  suggested,  by 
two  gauges  at  different  heights,  has  been  introduced.  He  added 
that,  in  order  to  rescue  from  condemnation  the  records  of  long- 
standing gauges  in  this  country^  it  would  seem  proper  to  establiw 
near  each  one  another  gauge  at  much  lower  or  nigiier  altitude,  in 
order,  by  the  comparison  of  the  two,  to  obtain  an  approximate  cor- 
rection of  the  past  records.  At  the  present  time  there  are  no  records 
of  rain- fall  in  this  country  adapted  to  give  satisfactory  answer  to  any 
(luestion  involving  variations  in  amounts  of  only  6  or  10  per  cent,  of 
precipitation. 

Since  it  will  aid  the  student  of  these  questions  to  have  before  him 
a  l)rief  review  of  the  methods  that  have  been  employed  in  discussing 
tlie  influence  that  forests  have  on  climate,  I  reproduce  here  such 
parts  of  my  paper  above  referred  to  as  seem  appropriate. 

While  we  may  discuss  to  a  certain  limit,  separately,  the  influence 
of  the  forest  on  any  one  of  the  different  factors  which  we  comprise 
under  the  collective  name  of  climate,  upon  rain-fall^  for  instance,  it 
must  1)0  apparent  that  such  an  intimate  relation  exists  between  thei 
(liflerent  factors  of  climate  that  it  is  ahnost  impossible,  at  least  im- 
X^racticable,  to  confine  the  discussion  to  one  factor  or  siat  of  factors 
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without  reference  to  the  otliers.  From  a  practical  stand-point  the 
aggi*egate  effect  rather  than  that  of  its  component  parts  is  of  signifi- 
cance, the  total  influence  being  tliat  which  is  of  practical  value. 
What  does  it  matter,  for  instance,  whether  it  is  by  increased  precipi- 
tation that  the  forest  benefits  the  field  or  whether  the  same  physio- 
logical effect  is  produced  by  greater  frequency  of  rains,  or  by  more 
seasonable  rains,  or  by  increased  relative  humidity  in  other  ways,  or 
by  raising  the  water  level  and  increasing  or  advantageously  dispos- 
ing of  the  available  water  supplies  through  favorable  ground-water 
conditions  or  surface  channels  ? 

And  when  we  come  to  discuss  forest  influences  with  a  view  to  a 
national  forest  policy,  the  further  mechanical  influence  which  a  forest 
cover  exei-ts  upon  water  supply  and  water  distribution,  upon  soil 
conditions  and  nealth — influences  very  distinct  from  those  on  climatic 
conditions  and  often  of  greater  importance — demands  proper  atten- 
tion and  investigation,  and  it  will  not  do  to  divide  ana  discourage 
the  work  of  forest  commissions  and  forestry  associations,  as  has  been 
done,  because  seemingly  one  of  the  influences  upon  which  they  base 
their  activity  remains  unproven. 

As  is  natural,  the  first  suggestion  that  a  relation  between  climate 
and  forest  area  exists  came  from  general  observation. 

Especially  when  history  had  rej^orted  fertile  districts  with  favor- 
able climate,  surrounded  by  verdant  groves,  where  now  desert 
wastes,  inhospitable  climate,  and  treeless  mountain  sides  are  found, 
the  conclusion  lay  near  that  there  existed  a  relation  between  tiie 
forests  on  one  hand  and  fertility  and  favorable  climatic  conditions 
on  the  other. 

According  to  Humboldt  (Kosmos,  Vol.  II,  p.  322),  the  decrease  of 
humidity  and  rain-fall  was  recognized  as  a  consequence  of  forest  de- 
struction as  early  as  the  fifteenth  century.  Sully,  in  the  sixteenth, 
and  Colbert,  in  the  seventeenth  century,  warned  against  forest  de- 
vastation, and  the  examples  adduced  for  the  fact  of  its  bad  effects 
form  a  voluminous  library.  Among  the  eminent  men  who  have 
used  this  method  may  be  mentioned  Du  Monceau,  Reaumur,  Buffon, 
Humboldt,  and  Arndt. 

This  method  of  proving  the  proposition,  which  has  been  the  most 
popular,  and  is  still  largely  in  vogue,  may  be  called  the  historico- 
statistical.  It  can  not  be  entirely  dispenseci  with  and  its  conclusions 
disregarded,  but  its  results  must  be  considered  with  great  caution,  for 
not  only  are  the  rei)orts  of  the  facts  in  many  cases  dubious,  b»t  the 
inferences  are  not  always  reasonable. 

About  the  middle  of  this  century,  with  the  development  of  phys- 
ical and  especially  meteorological  science,  a  second  method  was  ap- 
plied.    This  method,  which  may  be  called  the  argumentative  method, 
ittempted,  upon  a  theoretical  basis,  to  discuss  and  reason  out  the  as- 
nmed  relation  by  employing  the  accumulated  physical  knowledge 

\ich,  scanty  at  first,  has  lately,  however,  been  considerably  in- 
,,Qased. 

Among  the  prominent  meteorologists  who  employed  this  method, 
^le  first  was  6ecquorel.  The  result  of  this  method  has  brought  us 
onsiderably  forward  in  the  recognition  of  the  direction  in  which  an 
'nfluenco  would  be  possible;  and  while  it  has  not  been  able  either  to 
3rove  or  disprove  satisfac^'^^'ily  the  existence  of  the  same,  nor  to  ad- 
duce us  in  the  knowlec^  >f  the  deg^^'^  '^nd  quality  of  the  infln- 
;ji*je,  if  any,  it  has  cloo^^'     he  way  ^^^         wo—  -^oientific  consideia- 
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The  theoretical  positions  and  conclusions  resulting  from  this 
oaethod  may  be  formulated  in  the  following  twelve  theses: 

(1)  We  must  be  clear  as  to  what  shall  be  considered  aa  "  forest." 
[t  is  evident  that^  according  to  composition,  height,  and  closeness  of 
^owth,  and  size  and  extent  of  the  forest,  etc.,  the  conditions  must 
varv  considerably.  The  position  towards  prevailing  winds,  water 
surfaces,  mountains,  the  altitude,  distance  from  the  sea,  and  other 
listurbing  influences,  and  the  seasons  also  must  be  taken  into  ac- 
count. 

(2)  The  inquiry  must  discern  between  mechanical  and  physical 
affects,  climatic  conditions  of  the  atmosphere,  and  hydrologic  and 
mechanical  conditions  of  the  soil.  It  must  also  discern  between  an  in- 
3[uiry  on  the  one  hand  into  the'climatic  conditions  of  the  forest  interior 
and  the  changes  produced  over  the  same  area  by  deforestation,  and  on 
the  other  hand  into  the  influence  of  a  forest  area  on  its  surroundings. 

(3)  As  regards  the  climatic  conditions  of  the  forest  interior  in  com- 
arison  with  the  open  plain,  the  following  facts  seem  established: 
a)  The  mean  annual  temperature  and  the  temperature  extremes  or 

range  of  temperature  of  the  forest  air  is  lower:  especially  in  summer 
the  days  are  cooler,  the  nights  warmer,  (b)  Tne  relative  but  not  the 
absolute  humidity  is  greater,  (c)  Precipitation  seems  to  be  more 
frequent  and  greater  in  amount  over  forest  areas. 

(4)  In  order  to  effect  any  tangible  influence  a  distribution  of  field 
and  forest  must  exist  which  allows  an  exchange  of  climatic  T)eculiar- 
ities,  such  exchange  being  possible  only  by  (fiffusion  vertically  and 
by  circulation  of  air  currents,  local  currents,  or  general  air  move- 
ments horizontally. 

(5)  Local  currents  set  up  in  the  same  manner  as  by  large  water 
surfaces,  through  the  difference  in  the  temi)erature  of  forest  and  field 
during  clear  sky  and  quiet  air,  bring  in  summer  in  the  day-time 
cooler  air  from  the  forest  to  the  lower  strata  of  the  field,  and  to  the 
higher  strata  during  the  night  warmer  and  nloister  air  which  tends 
to  formation  of  dew  and  mist. 

(6)  General  air  currents  may  be  influenced  variously  according  to 
their  quality  and  direction.  A  windward  position  of  the  forest  is 
necessary  to  have  its  climatic  peculiarities  communicated  to  the  field. 
The  dry,  warm  currents  of  the  summer  seem  to  be  beet  capable  and 
likely  to  carry  the  influence. 

(7)  Active  transpiration  in  summer  must  tend  to  increase  humidity 
of  the  air  above  the  forest,  and  air  currents  nearly  saturated  passing 
over  it  may  be  brought  nearer  to  condensation  while  the  open  fiela 
tends  the  other  way.  The  cooler  air  of  the  forest  tends  to  condense 
any  warm,  moist  currents  passing  over  il  -The  cooler  stems  and 
branches  in  winter  and  the  slower  rise  of  temperature  in  the  spring 
in  the  forest  tends  to  condensation,  while  the  mechanical  retardation 
of  air  currents  which  have  begun  to  deposit  their  moisture  tends  to 
increase  the  precipitation. 

(8)  The  mechanical  effect  upon  the  horizontal  movement  of  the  air 
currents  necessitates  an  upward  movement,  which  has  a  cooling 
offect  and  consequently  increases  their  relative  humidity. 

(0)  The  greater  humidity  above  the  forest  tends  to  enlarge  and 
multiply  the  rain-drops  of  a  falling  rain. 

(10)  Mountain  forests  in  spring  favor  precipitation  in  their  inte- 
rior; in  fall, when  they  are  relatively  warmer,  the  opposite  tendency 
prevails.  Mountain  forests  on  the  leeward  side  increase  the  tendency 
towards  condensation  of  dry,  warm^  and  of  moist  currents. 


610  BEPORT   OF   TITE   COMMISSIONER   OF    AORICUI^TUBE. 

(11)  Tbo  coiidousatiun  and  precipitation  may  take  j^lace  abovethe 
forest  and  thus  render  the  currents  drier  after  x^assa^c,  or  else  they 
may  carry  tlieir  increased  stores  of  moisture  to  the  field,  the  temper- 
ature and'  moist  conditions  of  which  will  determine  tlioir  utilization 

(12)  The  effect  ui)on  air  currents  in  contact  with  the  atmosphere 
above  the  forest  reaches  only  the  lower  strata,  while  all  the  heavier 
rain-falls  are  i)recii)itated  from  greater  heights  (1,500  to  ;^,500  meters). 

A  very  able  review  of  the  theoretic  considerations  which  bear 
upon  the  philosophy  of  the  forest  influences  upon  climate,  lately 
published  by  Dr.  Hornberger,  summarizes  iis  follows: 

(1)  Theoretically  considered,  a  climatic  influence  of  the  forest 
upon  its  surroundings  may  quite  reasonably  be  assumed,  yet  the 
same  considerations  which  lead  to  this  conclusion  allow  us  also  to 
prognosticate  that  this  influence  is  not  very  significant  (considerably 
less  than  is  often  believed). 

(2)  In  regard  to  the  quantity  of  this  influence  and  the  distance  to 
which  it  extends  we  i)ossess  no  positive  data;  those  extant  show  at 
least  the  insignificance  of  this  influence. 

It  is,  however,  undeniable  tliat  the  data  which  the  author  recog- 
nizes as  satisfactory  to  himself,  upon  which  he  draws  his  inferences, 
would  prove  him  a  priori  biased  in  opi)osili(m  to  the  accepted  theory; 
and  while  he  strives  faithfully  \o  explain  the  ])liysical  conditions, 
his  inferences  are  certainly  tinged  by  his  bias. 

The  next  step  and  method  of  dem(jnstration  employed  was  the 
mathematical  one,  using  numerical  data  which  had  either  accumu- 
lated indcjpendently  of  the  question  or  were  si^ecially  provided  for 
the  pur2)ose. 

We  have  here  to  distinguish  two  methods,  a  wholesale  and  a  retail 
one,  if  I  may  so  express  it,  oi',  more  scientifically  speaking,  the  one 
usin^  large  averages  and  comparing  data  from  extensive  areas,  not 
specially  sui)plied  for  the  ])uri)OSe,  the  other  comparing  directly  data 
ootainedin  confined  localiti(^s,  by  direct  detail  measurements  within 
and  without  fort^st  areas. 

The  latter  method,  wliit;h  I  call  the  retail  one,  is  the  pne  now 
largely  adopted  by  German  investigators. 

The  first  attenii)t  to  obtain  for  the  settlement  of  this  question  a 
series  of  exact  methc^dical  observations  dates  back  to  the  year  1864, 
when  Dr.  ElnTinayer,  professor  at  the  University  of  Munich,  con- 
structed the  necessary  a])paratus,  and,  with  the  aid  of  the  Bavarian 
Government  and  forest  administration,  established,  in  186G,  the  first 
three  double*  stations  (a  set  of  meteorological  instruments  being  ob- 
served witliin  a  forest  area  and  another  set  simultaneously  in  a  field 
near  by),  with  «'in  (extension  in  the  following  year  to  six  stations. 
In  J8()l)  Switzerland  followed  with  three  stations;  in  1870  Italy  es- 
tablished a  station,  and  in  JSTl  t(;  1877  Prussia  entered  upon  this 
fi(4(l  of  work,  having  now  sixteen  stations  in  connection  with  the 
forest  (?x])erim(tnt  stations;  and  to-day  (^uite  a  number  of  such  double 
stations  are  collecting  data  in  all  j)arts  of  the  country. 

A  summary  of  the  first  results  of  the  Bavarian  stations  was  pub- 
lislied  in  187'^,  and  at  prestmt  monthly  bulletins  and  an  annual  sum- 
mary are  pnblished  by  tlu^  Pj-ussian  stations,  the  thirteenth  annual 
bciing  now  due. 

The  object  of  these  double  stations,  at  which  instruments  are 
placed  within  the  forest  and  in  the  open  field,  is  to  note — 

(1)  Tlie  temi)erature  of  the  atmosphere  within  and  without  the 
forests. 
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(2)  Tho  temperature  in  the  forest  at  1.5^  above  ground  and  in  the 
tree-tops. 

(3^  The  degree  of  hunndity  within  and  without  the  forests. 
{4)  Evaporation  within  and  without. 

(5)  Quantity  of  precipitation  reaching  the  ground. 

(6)  Temperature  of  soil  at  six  different  dei^hs. 

The  points  of  observation  at  the  Prussian  stations  are  chosen  ^00" 
distant  from  the  edge  of  the  forest  both  ways.  An  enoi^tnous 
amount  of  material  has  accumulated^but  as  yet  has  not  been  sum- 
marized or  turned  to  account.  It  is  difficult  to  see  how  anything 
else  can  be  demonstrated  by  it  than  what  is  alread^  known,  namely, 
that  the  meteorological  conditions  within  the  forest  are  different 
from  those  prevailing  without.  Whether  and  how  far  this  differ- 
ence is  communicatea  to  the  open  field  can  certainly  not  be  proved 
by  tlie  data  obtained.  B^  establishing  points  of  observation  in  the 
field  at  varying  distances  it  might  have  beenjpossible  to  demonstrate 
the  presence  or  absence  of  climatic  interaction  between  forest  and 
field. 

In  the  wholesale  methods,  which  use  data  obtained  over  large  areas 
independently  of  the  special  object  of  this  proposition^  we  may  again 
discern  two  ways  of  manipulation.  The  one  comparing  the  data 
found  during  various  periods  at  the  same  stations  and  bringing  them 
in  relation  with  forest  conditions  existing  at  the  various  periods;  the 
other  comparing  data  obtained  simultaneously  from  stations  situated 
differently  as  regards  forest  conditions,  but  capable  of  being  brought 
to  a  proper  basis,  of  comparison  as  regards  other  climatic  influences. 

Mr.  Qannet's  method  oelongs  to  the  first  class.  I  have  spdcen  of 
it  before,  and  shown  that  his  arrangement  of  data — even  if  they  were 
reliable — is  inadequate  and  leads  to  no  result. 

A  more  advantageous  application  of  this  method  has  been  attempted 
by  Prof.  Mark  W.  Harrington,  and  although  he  does  not  inquire  mto, 
or  at  least  leaves  doubtful,  the  question  of  the  causation,  his  results 
seem  to  indicate  an  increase  of  ram-fall  over  the  same  area  with  which 
Mr.  Gannot  deals.  His  application  of  the  wholesale  method  consists 
in  comparing  isohyetal  lines  constructed  for  two  different  pNeriods, 
about  tnirtv  years  apart.  The  main  objection  to  the  conclusiveness 
of  this  method  is  that  in  the  present  case  it  depended  on  too  inaccu- 
rate data. 

The  second  class  of  wholesale  methods  which  compares  simultane- 
ous data  of  stations  differently  situated  as  regards  forest  conditions, 
has  been  lately  employed  by  the  eminent  Russian  dimatologist,  A. 
Wooikoff.  He  chooses  his  illustrations  irom  the  northern  part  of 
India  where,  as  tho  author  states,  the  temperature  variations  from 
south  to  north  are  exceedingly  slight,  being,  between  the  nineteenth 
and  thirty-first  degrees  of  latitude,  only  0.08  degree  0.  for  each  degree 
of  latitude,  and  where  the  months  of  April  to  June  represent  the  hot. 
season  and  are  very  dry.  Between  tne  twentjr-third  and  twenty- 
seventli  degrees  there  exist  treeless  regions,  especially  the  larger  x>art 
of  Bengal  and  the  Northwest  Provinces^  while  the  provinces  of  As- 
sam, Sylhet,  and  Cochar,  etc.,  are  densely  wooded. 

He  shows  by  tables  of  meteorological  oata  that  in  the  wooded  re- 
gions of  Assam,  even  at  a  considerable  distance  from  the  sea — 

(1)  Tho  hot  season  from  April  to  June,  which  prevails  on  the  open 
Gangetic  plain,  is  absent. 

(2)  The  mean  temperature  of  the  months  of  April  to  June  (the  hot 
season)  is  4  to  6  degrees  lower  thim  in  th6  treeiesa  region  at  equal 
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distaiice  from  the  sea  (a  difference  whicli  at  such  a  latitude  SLndsach 
nearnoss  of  stations — 550  kilometers  in  the  plain — and  the  absence  of 
mountain  influences  is  nowhere  else  observed). 

(3)  The  temperature  maxima  differ  even  more  than  the  means, 
because  in  the  forested  area  not  greater  than  those  of  Southern  or 
Middle  Russia,  while  in  the  treeless  part,  even  near  the  sea,  tempera- 
tures of  40  and  45  degrees  C.  are  frequent. 

(4)  The  humidity  of  the  atmosphere  is  great  in  the  densely  wooded 
pai't  of  Assam  even  m  April  to  June,  namely,  40  and  more  per  cent 
above  the  mean  relative  humidity  of  treeless  stations  equally  distant 
from  the  sea. 

(5)  This  may  explain  the  earlier  beginning  and  the  regular  increase 
of  precipitations  over  the  wooded  areas,  while  in  the  west  a  sudden 
increase  takes  place. 

(6)  The  relative  humidity  is  also  greater  in  the  forested  area  dur- 
ing the  dry  months,  especially  December,  although  no  precipitation 
may  fall,  the  relative  humidity  being  82  per  cent,  as  against  60  per 
cent,  in  the  o])en  country,  at  two  stations  equidistant  from  the  sea 

The  author  admits  that  whenever  the  general  climatic  conditions 
of  a  subtropic  country  are  opposed  to  precipitation,  even  over  larger 
forest  areas  rain  will  not  fail;  for  instance,  when  the  wind  is  a  con- 
stantly descending  one  or  conies  from  cooler,  drier  regions,  like  the 
northeast  winds  in  Assam  from  November  to  February. 

His  tables  show  tlio  temperature,  moisture  conditions,  and  precipi- 
tation at  ton  stations  within  the  twenty-second  and  twenty-seventh 
degrees  of  latitude,  and  the  extreme  differences  of  annual  precipita- 
tion noted  are  687"^°*  and  2,975""S  or  a  variation  of  2,288°'"»;  and  if  wo 
take  two  stations  equally  distant  from  the  sea  for  comparison,  Patna 
and  Goalpara,  the  difference  is  1,370™"*,  a  significant  figure  when  we 
consider  tnat  the  two  stations  are  only  340  miles  from  each  other. 

Tlius  it  would  appear  that,  at  least  for  subtropic  regions,  the  effect 
of  forest  cover  in  reducing  temperature  and  mcrejirsing  precipita- 
tions may  be  accepted. 

Woeikoff  further  investigates  whether  the  influence  of  the  forests 
upon  climatic  conditions  of  their  surroundings  may  also  be  proved 
for  latitudes  of  38  to  52  degrees  north — all  the  west  European  con- 
tinent— and  he  proceeds  as  follows: 

Taking  the  temperature  of  July  as  that  of  the  warmest  month,  and 

assuming  that  on  the  wliole  the  temperature  at  the  Atlantic  coast  is 

lower  and  rises  toward  the  interior  of  the  continent,  he  compares  the 

temperature  of  a  number  of  places  situated  near  the  fiftieth  degree, 

-he  observations  being  all  taken  outside  of  the  forest.     To  bring  &em 

ipon  a  uniform  basis  for  comx3arison,  he  reduces  the  observed  quan- 

.iti(\s  by  assuming  tlie  increase  of  temperature  toward  the  south  at 

^5  degree  C.  per  degree  of  latitude,  and  for  every  100°*  of  altitude 

^'>  assumes  <a  tom])erature  difference  of  0.7  degree;  he  does  not,  how- 

'-er,  reduce  to  sea-level  but  to  200"*  altitude,  in  order  to  avoid  many 
'eductions  and  so  to  lessen  the  possibility  of  error.  Thus  he  obtains 
.ipmi  July  temperatures  for  his  line  of  stations  reduced  to  fifty  de- 
;v-.^  north  latitude  and  200"'  altitude. 

Aq  observes  in  this  series  a  rapid  rise  of  temperature  from  the  Main 
iiver,  \h(m  a  (tonsiderable  reduction  in  the  eastern  and  western  Bo- 
leniian  stations,  whicli  is  credited  to  large  forest  areas  there  prevail- 
"tj^,  wliilci  in  the  Bohemian  basin  the  temp'^^«\ture  is  higher,  as  it  is 
-ISO  in  Silesia,  and  agai"  ^^m^'li  lowe'"  "^  tht     ^U-wooded  Carpathian 

k4'/>in   'nine  o"  TTunorj^yv  nf  ic»rit  ..     h"h.   .,      QVi^rp  WQOded  ftTeaS  IS 
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still  noticeable  in  East  Galicia  as  far  as  Kiew,  where  the  neighbor- 
hood of  forest  and  morasses  works  in  the  same  way;  while  m  the 
steppes  the  highest  temperature  is  reached. 

In  the  same  manner  a  series  of  stations  lying  on  or  near  the  forty- 
sixth  degree  are  treated,  reducing  their  July  temperatures  to  the  theo- 
retical temi)eratures  for  the  forty-sixth  degree  and  200°*  altitude;  and 
another  series  of  stations  is  worked  out  for  the  forty-fourth  degree 
in  Croatia,  Bosnia,  Herzegovina,  and  Dalmatia;  and  here  the  heavily- 
wooded  Bosnia  is  found  from  twenty-five  to  forty-five  degrees  cooler. 

The  results  of  these  comparisons  lead  the  author  to  conclude  that 
in  the  western  part  of  the  continent  large  forest  areas  influence  the 
temperature  of  neighboring  localities  and  interrupt  the  normal  in- 
crease of  temperature  which  should  occur  in  going  from  the  Atlantic 
Ocean  into  the  interior  of  the  continent,  to  such  an  extent  that  even 
regions  far  in  the  interior  have  a  cooler  summer  than  those  nearer 
the  sea. 

He  concludes,  further,  not  only  that  there  exists  a  climatic  influence 
of  the  forest,  but  that  it  exerts  itself  over  considerable  distances  ac- 
cording to  composition,  size,  and  position  of  the  forest  area;  that, 
therefore,  forest  planting  or  deforestation  offer  a  means  of  changing 
considerably  the  climate.    And  he  adds: 

Some  people  hold  that  smce  the  forest  increases  precipitation  it  is  only  necessary 
that  forests  be  planted  to  wipe  out  the  deserts.  !But  such  an  extreme  position  is 
not  tenable.  Although  the  forest  eoonomizes  the  precipitation  that  has  fallen,  stor- 
ing it  for  a  long  time  and  increasing  the  quantify  to  a  certain  degree,  yet  many 
parts  of  the  earth  are  too  arid  to  bear  forests  (?),  for  forests  need  much  water.  On 
the  other  hand,  thinly-stocked  forests  and  those  composed  of  trees  with  a  foliage 
coTered  with  a  wax-like  substance  which  decreases  tranepiration,  while  better  capa- 
ble of  sustaining  themselves  in  dry  climates  than  denser  forests  and  those  composed 
of  trees  with  more  active  transpiration,  yet  do  not  mitigate  the  heat  and  moisture 
in  the  same  degree. 

One  may  say  in  criticism  of  this  method,  that  the  factors  of  reduc- 
tion are  somewhat  arbitrary  and  may  not  be  correct,  and  that  the 
divergence  of  the  reduced  temperatures  may  not  be  caused  by  the 
forest;  and  further  that  the  difference  is  established  (if  at  all)  only 
for  the  summer  temperatures,  but  not  for  the  yearly  or  daily  varia- 
tions, tlieref  ore  the  data  are  insufficient  to  prove  the  propositions  in 
their  generality. 

Mr.  Henry  F.  Blanf  ord,  meteorological  reporter  to  the  government 
of  India,  also  asserts  that  the  difference  of  rain-fall  in  the  two  local- 
ities compared  by  Woeikoff  may  be  attributed  to  other  physical  con- 
ditions. He  thinks  that  a  satisfactory  solution  of  the  gueBtion  must 
await  the  production  of  a  series  of  rain-fall  records  from  a  single 
region,  which  is  forested  for  a  time,  and  then  deforested,  or  vi(^  versa, 
and  ho  contributes  such  an  observation  from  the  Central  Provinces 
of  India  south  of  the  Satpura  Range,  where  five-sixths  of  an  area  of 
G  1.000  square  miles  had  been  greatly  deforested. 

Tlie  recoups  from  the  years  1866  to  1876,  made  during  the  time  of 
deforestation,  are  compared  with  those  of  the  following  jperiod,  when, 
tlirongli  government  interference,  systematic  reforestiation  began. 
During  tlie  second  period  the  rain-fall  has  proflpressively  increased, 
until  the  mean  for  fourteen  stations  appears  to  be  )W)  per  cent,  more 
than  it  was  for  the  first  ten  years. 

Dr.  Brandis,  for  a  long  tim^  forest  inspector-ffeneral  of  British 
India,  also  cites  another  example  of  the  sam6  kind  from  the  Central 
Provinces  north  of  the  Nerbuada  River  where  the  increase  of  mean 
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annual  rain-fall  has  shown  a  gradual  increase  of  6.2  inches  or  l;2iper 
cent,  in  ten  years,  after  an  area  of  000,000  acres  of  woodland  had 
been  protected  against  fires  and  had  grown  up  densely.     He  says: 

The  relations  of  forests  and  rain-fall  in  India  are  manifold  and  mutuaL  When 
thirty  years  ago  forest  management  was  systematically  organized,  it  was  mainly 
with  the  object  of  8ecm:ing  continuity  of  wood  and  other  forest  products,  uid  in 
momitainou's  districts  to  secure  the  loose  soil  from  washing  off,  to  prevent  tito  filling 
of  the  rivers  with  sand,  and  to  check  the  floods.  Later  on,  experience  taught  that 
especially  in  regions  with  an  arid  climate,  and  even  moister  regions  during  uniuu- 
alnr  dry  years,  the  grass  grew  more  luxuriantly  in  the  woods  and  gave  more  plenti- 
ful pasturage  than  on  im wooded  lands. 

But  it  had  not  been  anticipated  that  forest  preservation  and  reforestation  would  in 
any  degree  affect  the  annual  precipitation.  Yet  during  the  last  few  years  it  has  bo- 
oome  apparent  that  in  some  sections  an  increase  of  the  annual  rain-fall  has  gone 
hand  in  iiand  with  forest  protection. 

In  tliat  part  of  tlie  Central  Provinces  which  lies  l)ctweon  the  Nerbudda  River  and 
the  plains  of  Nagour  and  Raipur,  a  total  area  of  nearly  600,000  acres  of  forest  hu 
been  protectt^d  ft)r  a  series  of  years  aj^ainst  the  annual  fires  of  the  hot  seajson. 

Tlie  records  of  seven  stations  for  eighteen  to  twenty  years  aUow  the  following 
tabulation  of  mean  annual  precipitation: 


Stations. 


Badnur — 
Chindwara 

ScM^iii 

Handia 

Burlia 

Bilaspur... 
Raipur  — 


Annual  mean. 


Predpltatioii    for 
different  periods. 


Period. 


ISffT— 1876 
lft85— 1875 
IHaV- 1W5 
1887—1875 
1867—1875 
18«5-1876 
18G6— 1876 


Precipi- 
tation. 


80.88 
41.48 
6S.07 
58.68 
M.61 
41.85 
61.60 


40.87 


Predpl- 
tatioii 
for 

1876- 
1886. 


47.68 
48.46 
64. 7B 
66.  «i 
71.66 
64.81 
64.47 


86.47 


Differ. 


+  8.00 
-- 7.(16 
--10B 

--S.74 
--7.M 
+1106 
+  182 


+  «.» 


Blanford,  wlio  has  recorded  those  observations  in  the  above  man- 
ner, adds  that  those  results,  of  themselves,  are  not  proof  absolute  for 
the  influence  of  forest  prosorvfition,  since  possibly  the  earlier  obser- 
vations were  less  reliable  than  the  later,  but  that  these  observations 
may  ])e  considered  as  addenda  to  the  accumulating  signs  of  the  exist- 
once  of  sucli  influence  on  rain-fall. 

But  even  this  method,  wliich  would  class  with  my  retail  methods, 
although  seemingly  simple,  before  it  can  bo  admitted  as  conclusive, 
must,  as  tlie  writer  says,  bo  guarded  hy  those  8i>ecial  precautions 
whicli  are  demanded  by  strict  scientific  inquiry.* 

*Tho  aV)ove  fiK^res  wore  haiU^fl  with  satisfaction  by  tlioso  who  are  bound  to  prove 
by  statistics  thti  forest  influence  on  rain-fall. 

Unfortunately,  as  tliis  report  goes  to  press,  their  value  is  entirely  vitiated  by  the 
foliowinj5  statements  made  in  the  Indian  Forester ^  January,  ISSO,  which  again  ad- 
moiiislios  us  t4)  he  careful  in  placing  too  much  weight  on  statistics: 

"  :Mr.  lilanford,  in  order  to  assure  himself  of  the  value  of  the  rain-fall  retumB  he 
employe:!  in  the  <liscussion  of  the  Central  Provinces,  wTote  to  the  chief  commis- 
sioner on  tlie  subject,  to  which  the  replv  wjis  received  that  *  the  chief  commisaioiier 
fears  that  these  records  of  rain-fall  prevfous  to  1888  Cfl,n  not  l>e  accepted  as  altogether 


rain-fall  in  that  area  for  anotluT  twenty  years.     It  is  only  one  of  the  many 
tlie  worthlessness  of  unsystematic  observations.'" 


It  is  of  interest  also  to  not(j  the  following  from  the  same  source: 
In  the  following  extract  from  the  same  report  Mr.  Eliot  refers  to  the  obBervatknis 
recently  undertaken  in  the  forests  of  the  Saharunpoor  district.    For  the  reader  un- 
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Lastly,  I  wish  to  call  attention  to  the  latest,  moet  valuable  scien- 
tilic  work  which  has  been  done  to  decide  the  important  but  diffi- 
cult (luestion  of  the  influence  of  forests  on  precipitation.  I  refer  to 
the  work  of  Dr.  F.  J.  Studnigka,  professor  of  mathematics  at  the 
University  of  Prague,  published  under  the  title  '*  Basis  for  a  Hyetog- 
raphy  of  ^Bohemia,"  in  which  the  results  of  many  years  of  observa- 
tion at  seven  hundred  ombrometrio  stations  are  emoodied,  critically 
sifted  and  scientifically  considered, 

Tlio  autlior  employs  a  wholesale  method  which  is  quite  novel,  com- 
plying with  Woeikoff's  idea  that  it  is  necessary  to  reduce  the  observed 
data  upon  a  common  basis  for  comparison. 

To  understand  the  si^ificance  of  these  observations  an  inspection 
of  the  map  of  Boheima  will  be  desirable,  which  shows  it  to  be  a 
basin  surrounded  on  all  sides  by  high  mountains. 

The  work  of  ombrometric  observations,  although  begun  in  Bohe- 
mia during  the  last  century,  was  newly  or^aniz^  in  1879  or  1880, 
when  a  systematic  net  of  ombrometric  stations  was  instituted,  and 
in  1885  and  1886  it  was  extended  to  over  seven  hundred  stations,  for 
the  purpose  of  obtaining  accurate  data  of  the  quantitv  and  distribu- 
tion of  precipitation  over  the  kingdom.  Uniform  omorometers  were 
used  and  very  carefully  placed.  As  at  present  organized,  there  is 
one  station  for  every  75  square  kilometers  (about  80  square  miles). 
No  other  country,  I  oelieve,  can  boast  such  a  service.  Although  the 
time  of  observation  at  most  stations  has  been  short,  and  the  averages 
would  have  been  more  accurately  represented  by  an  extension  of  ob- 
servations for  ten  to  twelve  years,  yet  the  last  four  years  of  observa- 
tion, for  which  all  stations  furnisn  data,  according  to  the  author, 
represent  two  extreme  and  two  average  years,  and  are  therefore 
quite  useful. 

The  very  large  mass  of  material  permitted  a  sifting  out  of  doubt- 
ful observations  without  impairing  the  number  of  available  ones  for 
the  construction  of  a  rain-map  of  Bohemia,  showing  by  isohyetal 
linos  seven  rain-belts  or  zones;  the  zones  are  arranged  so  thai  the 
lowest  shows  less  than  500""™  rain-fall,  the  three  following  differ  by 
100"^"'  each,  the  fifth  and  sixth  by  200""',  and  the  seventh  by  800*"^; 
the  last  showing,  therefore,  a  ram-fall  of  1,200*"*  to  1,500*", 

The  central  basin  divides  itself  into  two  halves  by  a  line  from 
north  to  south,  running  somewhat  east  of  the  middle  Moldau,  cross* 
ing  the  Elbe  near  the  mouth  of  the  Iser,  and  following  the  latter 
river;  the  western  half  showing  the  smaller  amount  of  precipita- 

acquainted  wath  the  Western  Himalayas  it  is  neocimy  to  exnlain  that  a  roo  is  a 
water-course  issuing  from  the  hills,  and  having,  generally,  a  oroad,  shallow  bed, 
wliich  consists  mainly  of  bowlders  and  shingle,  and  is  therefore  quite  dryer  almost 
dry,  except  after  a  continuous  heavy  ^ower.  Mr.  Eliot  has  not  mentioiied  that  in 
eacli  rao  levels  are  a(!curately  taken  every  year  alonf  one  and  the  same  line,  in  carder 
to  note  the  changes  that  may  occur  in  the  section  m  the  rao  in  consequence  of  the 
tire  conservancy  of  the  entire  basin  above. 

''A  different  method  has  been  introduced  in  the  Saharunpoor  forest  division. 
Twelve  representative  raos,  between  the  Qangee  and  Jumna  Rivers,  hatre  been  se- 
lectiHl  for  piir[K)ses  of  observation  by  the  inspector-geineral  of  forests  and  conserva- 
tor of  tli(>  scliool  circle,  and  in  each  forest  ohowki  a  rain-4[auge  is  suitahlv  placed. 
Five  of  tlieiii  are  kx^ated  in  the  forest  of  Sakrauda,  which  1b  neither  closed  to  sraz- 
in^  nor  })rotected  from  fire.  The  rain-fall  measureineints  will  be  made  by  the  roreet 
.guards,  iind  tlie  returns  submitted  to  the  meteorological  department  for  critical  ex- 
a  I  iiination.  These  observations  will  probably  give  a  valuable  scoriLea  of  data  for  test- 
ing t  he  effect  of  different  forest  conditions  in  modifying  the  amount  of  rahoi-fall,  and 
htuice  also  jtrobiibly  throw  some  Ught  on  the  genenu  question  of  the  influence  of 
afforestation  on  rain-fall." 
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tion,  namely,  500  to  COO"^"';  the  eastern  with  600  to  700™°*,  continuing 
in  a  small  bolt  along  the  foot  of  tlie  Erzgebirge  and  the  Boehmer- 
wald  encircling  the  first  zone. 

The  other  isohyetal  linos  do  not  embrace  continuous  areas,  but  fol- 
low in  small  belts  the  trend  of  the  mountains.  The  largest  amounts 
of  precipitation  are  found  in  belts  or  islands  in  the  higher  altitudes 
of  the  mountains  which  surround  this  great  basin.  The  continuity 
of  the  zones  is  much  interrupted,  so  that  it  would  be  difficult  to  de- 
scribe them  without  a  map. 

The  maximum  of  rain-tall  with  over  1,200^""  is  observed  in  the 
south  near  the  sources  of  the  Moldau  and  Motawa,  in  the  noi-th  near 
the  sources  of  the  Elbe,  Iser,  and  Aupa  on  the  range  of  the  Schnee- 
koppe.  In  regard  to  the  distribution  through  the  months,  the  expe- 
rience has  been  confirmed  that  Avith  increasing  absolute  height  the 
winter  precipitation  increases  in  greater  proportion  than  the  sum- 
mer precipitation,  while  those  or  spring  and  autumn  are  nearly 
equal. 

Sufficient  material  was  on  hand  from  which  to  calculate  the  influ- 
ence of  altitude  on  the  incroiise  of  precipitations,  although  for  alti- 
tudes above  500'"  the  material  is  not  considered  sufficiently  reliable. 
Yet  the  general  law  is  well  shown  that  with  the  altitude  the  quan- 
tities of  precipitation  increase  in  a  retarded  progression.  This  pro- 
gression IS  calculated  ])y  forming  altitude  zones  from  100  to  100", 
grouj^ing  the  stations  in  each,  calculating  the  mean  elevation  and 
also  the  mean  annual  precipitation  as  observed  for  each  class;  then 
by  dividing  the  difference  of  precipitation  in  the  neighboring  two 
zones  by  the  difference  of  altitude  the  amount  of  precipitation  which 
corresponds  to  each  1™  elevation  Avithin  that  class  is  found.  With 
this  figure  the  average  amount  of  rain-fall  which  theoretically  be- 
longs to  each  station  according  to  its  absolute  elevation  can  be  ap- 
I)roxiniated  by  adding  to  or  subtracting  from  the  mean  precipita- 
tions of  the  class  as  many  times  this  amount  as  the  actual  altitude 
differs  from  the  mean. 

An  example  will  make  this  clear: 

Tetschen,  for  instance,  is  situated  150""  above  sea-level.  According 
to  the  table  the  average  elevation  of  tliirteen  stations  of  the  lowest 
zone,  to  which  Tetschen  belongs,  is  182'",  with  an  average  precipita- 
tion of  500'""'.  Now  Tetschen  has  an  elevation  32'"  lower  than  the 
average;  its  normal  rain-fall  should  therefore  be  32x0.79=25.4"*" 
less  than  the  mean  of  the  class;  hence,  theoretically,  according  to 

its  altitude,  the  quantity  of  rain-fall  for  Tetschen  should  be  50G  — 

!5.4=480'""';  that  is,  2^8'"'"  less  than  that  actually  found  in  an  8  years' 

tverage. 
By  using  the  figures  for  the  two  extreme  zones  and  dividing  by  100, 

A\e  mean  increase  of  precipitation  for  every  100'"  elevation  is  found 

vnd  now  comes  the  ain>lication  of  this  method  to  our  proposition. 
Ciie  author  argues  that  if  the  actually  observed  rain-fall  diners  con- 
ndc^rably  from  the  theoretically  determined,  this  is  an  indication 
luit  special  agencies  are  at  work. 

le  linds  now  that  of  the  one  hundred  and  eighty-six  stations  which 
••■  su])jects  to  scrutiny  (tliesci  offering  the  longest  and  most  trust- 
>urthy  observation),  foi'ty-eight  show  a  considerable  diffei'once  be- 
ween  the  observed  and  the  theoretically  expected  ram-fall,  and  he 
iTi/1^  also  tlij't  these  y+'^'ioiw  nro  wifiioffw]  in  tno  in'»st.  deusoly  wooded 
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The  increased  rain-fall  on  the  forty-eight  stations  is  so  considerable 
that  a  sufficient  quantity  may  without  losing  significance  be  ascribed 
to  other  local  causes,  as  for  instance,  height  and  form  of  a  mountain 
range  in  front  or  back,  etc.  Besides,  the  greater  amounts  of  rain-fall 
at  t licse  stations  have  been  used  in  calcinating  the  averages  for  the 
altitude  zones,  magnifying  therefore  these  aver^es  so  that  the  actual 
difference  between  the  calculated  quantity  and  the  actually  observed 
one  appears  really  smaller  than  if  the  quantities  from  deforested  and 
forest  areas  are  compared. 

Expressed  in  percentages  of  the  height  of  precipitation,  an  in- 
creased rain-fall  is  shown  for' feeveral  localities  in  verv  lar^e  quanti- 
ties, wliich  will  allow  considerable  reductions  for  omer  influences 
without  losing  their  significance  for  the  main  proposition. 

Especially  important  appears  the  fact  relating  to  two  stations  near 
the  rain  minimum,  whicn  also  shows  this  influence  of  the  forest. 

Lastly,  as  a  matter  of  interest  I  may  state  that  the  water  balance 
is  drawn  for  the  whole  kingdom,  which  is  of  special  value  because 
the  political  boundaries  coincide  with  those  of  the  Upper  Elbe  water- 
sheet;  therefore  it  is  easy  to  determine  how  much  of  tne  yearly  rain- 
fall is  removed  by  the  natural  water-courses.  Accordmg  to  the 
calculations  made  for  the  various  zones  by  addition,  the  total  pre- 
cipitation upon  the  area  of  51,955.98  square  kilometers  (about 
20,000,000  square  miles)  of  the  kingdom  is  found  to  be  35,398,670 
cubic  meters,  of  which  the  Elbe  carries  about  one-fourth  or  10  cubic 
kilometers  to  the  sea.  This  figure  represents  a  mean  rain-fall  for  the 
whole  country  of  081""™  while  the  mean  of  observation  is  693"™. 

From  the  recital  of  these  methods,  their  results  and  the  difficul- 
ties attending  their  application,  it  would  appear  that  no  one  of  the 
methods  employed  will  alone  be  sufficient  to  investigate  such  a  com- 
plicated relation  in  its  generality  as  that  which  they  try  to  establish 
or  refute.  All  of  them,  modified  and  provided  with  such  safeguards 
as  will  exclude  the  many  disturbing  influences^  will  have  to  work 
together  towards  a  solution  of  the  question,  which  is  by  no  means 
settled  as  yet. 

It  has  been  safely  established  by  experiment  that  all  soil  covers, 
whether  they  consist  of  grass,  agricultural  crops,  shrubs,  or  trees, 
derive  very  considerable  quantities  of  water  from  the  soil  which  they 
transfer  to  the  atmosphere.  The  influence  of  a  forest  may  therefore 
not  be  greater  than  that  of  any  other  vegetable  cover — ^as  long  as  the 
soil  remains  so  covered — in  increasing  the  humidity  of  the  atmosphere, 
esp('cially  since  the  amounts  of  evaporated  water  from  various  forms 
of  vegetation  do  not  differ  appreciably  enough  in  quantity.  An  in- 
fluence on  the  amount  of  ram-fall,  which  is  very  different  from  an 
influence  on  the  distribution  of  rain-fall,  may  possibly  be  observed 
wlier(>  deforestation  takes  place  over  wide  areas  and  where  the  soil 
is  not  again  clothed  with  vegetation,  as  has  undoubtedly  been  the 
(•as(»  ill  the  arid  regions  and  as  may  happen  on  mountain  sides,  where* 
th(^  earth  is  carried  off  by  the  wafers  after  deforestation. 

In  regard  to  the  influence  upon  amounts  of  precipitation,  the  ques- 
tion can  probably  be  only  between  bare  soil  and  soil  covered  with 
vegetation,  but  not  between  forests  and  other  forms  of  vegetation. 

I  ought  to  make  mention  here  of  a  most  interesting  account  of  the 
influence  of  deforestation  in  Australia,  which  has  perhaps  some  bear- 
ing on  our  own  conditions  in  the  western  treeless  regions,  and  which 
tends  to  show  that'a  forest  may,  under  given  conditions,  exert  very 
undesirable  influences.    It  is  published  by  B.  tool  Lendenf  eld.    The 


618      •     REPORT   OF  THE   COMMISSIONER   OF   AGRICULTURE. 

writer  premises  *Hliat  the  influence  of  forests  in  Australia  differs 
from  that  in  Europe."  Tlio  opinion  of  the  inhabitants  is  divided 
upon  this  point;  the  most  general  opinion  is  that  ^vith  deforestation 
the  climate  becomes  drier,  while  the  squatters  and  slieop  owners  deny 
any  influence. 

Australia  is  very  dry,  and  with  the  exception  of  the  northern  part,  which  is  Bub- 
joct  to  tropical  rains,  and  the  eastern  and  southeastern  mountainous  shore,  the  rain- 
irall  is  exceedingly  small.  Even  near  the  coast  of  New  South  Wales  and  Victoria 
the  average  annual  i)recii)itation  is  only  8  inches. 

All  plants  possess  si)ecial  apparatus  for  increasing  the  water  supply  from  below, 
deep-root  systems,  and  for  duninishing  transpiration. 

Almost  all  trees  and  shrubs  of  the  interior  of  Avtstralia  produce  large  amounts  of 
etheric  oil.  This  cools  the  leaves  by  its  evaporation,  and  spreads  itself  in  gaseous 
form  over  the  forest.  Tlio  air  thus  fillefl  with  ether  is  less  pervious  to  heat  rays 
than  the  pure  atmosphere,  and  thus  the  tree  protects  itself  against  heat  and  rapid 
transpiration.  Tlie  eucalyptus  trees  turn  their  leaves  obhquely  to  the  sun,  in  orufflf 
to  reduce  the  amount  of  insolation. 

Besides  these  protected  plants,  there  are  many  herbs  and  grasses  which  lack  any 
protection,  but,  lx»ing  i)rolific  seeders,  after  every  rain  their  seed  lying  in  the  soil 
germinates  and  quickly  covers  the  bare  ground  -with  a  fresh  green,  but  as  soon  as 
the  water  of  the  suix»rlicial  strata  is  consumed  they  die. 

The  trees,  sending  their  roots  into  the  depths,  consume  all  the  water  of  the  lower 
strata,  so  that  no  grass  is  seen  in  the  forest;  the  soil  is  smooth  and  hard  like  a 
stone. 

When  it  rains  in  sui'h  forests  the  greater  amount  of  the  water  flows  off  over 
the  hard,  smooth  soil  without  being  able  to  i)enetrate  the  closely-packed,  impervioos 
soil. 

Therefore  here  the  forest  does  not  prevent  the  rapid  flow  of  the  water,  and  does 
not  increase  the  humidity  of  soil  air. 

After  deforestation  the  grasses  spring  up,  utilizing  the  ground  water,  which  now, 
by  capillary  attraction,  can  reach  tiiem  from  below.  Tliis  vegetation  makes  the  soil 
porous,  and  the  flow  of  water  after  ratn  is  imi>eded;  and  sinc«  thus  the  water  is  re- 
tained and  e\  aporated  gi'a<lually,  the  humidity  of  the  atmosphere  is  increased. 

We  therefore  conclude  that  in  warm  and  dry  regions,  like  tlio  interior  of  Australia, 
deforestation  brings  increase  and  not  decrejise  of  humidity  and  precipitation. 

One  of  the  most  important  influences  claimed  for  the  forest  cover 
is  that  upon  the  water  conditions  and  drainage  of  the  soil.  In  this 
respect  tlio  y(»av  has  brought  very  valua])lo  results  of  experiments 
by  Dr.  E.  Wollny  and  E.  Ebermaycr,  who  independently  determined 
the  influence  of  vegetable  covers  of  the  soil  upon  temperature  and 
water  conditions,  and  have  with  these  settled  pretty  thoroughly  the 
question  of  tliese  influences.  I  regret  that  lack  of  space  forbids  a 
recital  of  these  experiments  and  results. 

TECHNOLOGICAL  INVESTIGATIONS. 

The  two  main  lines  of  independent  investigation  in  which  the  Di- 
vision has  been  engaged  during  the  year  have  been  a  continuation 
in  tlio  studies  of  the  life  history  of  our  important  conifers,  so  tliat 
now  monogra])hs  on  tlie  more  important  Eastern  conifers  are  ready 
awaiting  publication,  and  secondly  an  investigation  into  their  tech- 
nological characters  and  qualities  and  the  conditions  under  which 
thosL*  (inalitios  are  attained;  sonu^what  on  the  same  plan  which  was 
pursued  by  tlio  eminent  German  forest  botanists.  Dr.  R.  Hartig  and 
Dr.  ( ).  Noordlinger  in  regard  to  the  Gorman  timber  trees. 

Tliis  investigation  liacl  been  planned  late  in  the  year  1887.  Through 
the  courtesy  of  Prof.  V.  M.  Spalding  several  students  at  the  botani- 
cal laboratory  of  Michigan  University  were  engaged  in  preliminary 
work,  studying  microscopically  the  structure  of  various  pines  under 
the  direction  of  Professor  Spalding.     In  the  course  of  the  work,  how- 
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ever,  it  was  found  that  the  dimensions  of  the  undertaking  were  such 
as  to  recmire  the  close  and  constant  attention  of  one  man  exclusively, 
such  as  rrof essor  Spalding  felt  unable  to  ffive. 

In  consequence,  early  in  the  year  1888^  Mr.  Filbert  Roth,  curator 
of  the  museum  of  the  Michigan  University,  was  engaged  to  conduct 
these  investigations  in  timber  physics. 

As  I  have  explained  in  my  report  for  1887, while  forest  biology  con- 
templates the  forest  and  its  components  in  their  living  (^mdmons,  I 
have  grouped  under  the  name  of  "  timber  physics"  the  results  of  all 
investigations  into  the  character  of  the  deaarnaierial*  It  is  the  analy- 
sis of  our  crop  which  will  lead  us  to  understand  better  the  conditions 
under  which  we  may  grow  it,  and  therefore  these  investigations  are 
of  as  mucli  practical  value  to  the  forest  planter  as  those  into  the  life 
history  of  our  trees. 

It  would  be  considered  folly  for  an  agriculturist  to  grow  a  crop, 
wliicli  though  capable  of  existing  in  the  climate  in  which  he  operates, 
does  not  produce  the  fruit  for  iraich  the  crop  is  grown  or  the  quali- 
ties for  which  it  is  prized.  Still  more  so  is  it  necessary  for  the  for- 
ester to  know  what  are  the  (lualities  for  which  a  special  timber  is 
prized  and  under  what  conditions  it  can  be  expected  to  produce  those 
qualities.  To  determine  these  questions  is  the  object  of  these  inves- 
tigations. 

I  liave  divided  the  investigations  in  timber  physics  into  the  follow- 
ing separate  branches: 

The  anatomy  of  woods  considers  the  interior  structure  of  the  wood 
material,  the  arrangement  of  the  various  cell  elements,  fibers,  canals, 
etc.,  which  make  up  the  body  of  the  timber. 

The  structure  of  the  timber  stands  in  relation  to  its  quality  as 
cause  and  effect,  or  premise  and  sequence.  Although  there  can  be 
no  doubt  in  regard  to  the  existence  of  this  relation,  there  is  but  little 
known  of  the  degrees  of  qualities  as  dependent  upon  the  modifications 
in  tlie  arrangement  of  the  cell  elements  in  the  wood  structure;  the 
differences  of  quality  of  the  different  timbers  are  not,  either,  known 
l^ositively ;  what  we  claim  to  know  in  this  respect  is  assertion,  rather, 
and  sui)position,  not  resting  on  exact  experiments  and  scientific  in- 
vestigation. • 

Under  this  head  it  is  necessary  to  study  under  the  microscope  not 
onlv  thc^  elements  that  form  the  wood,  and  the  relative  amounts  of 
oacli  of  them  in  given  areas,  and  their  position,  but  also  the  gross 
anatomy  as  represented  in  the  growth  of  the  annual  rinff,  the  size,  and 
rapidity  of  development,  and  its  appearance  upon  the  transverse 
section  and  through  the  length  of  the  tree. 

The  cheviical  physiology  of  woods  will  teach  us  the  dependence  of 
our  forest  trees  upon  the  mineral  conatituents  of  our  sous:  also  the 
derivativ(^s  which  we  may  extract  from  them,  the  amount  of  char- 
coal wliich  ought  to  be  obtainable,  and  its  quality,  etc.,  and  many 
otlu  r  matters  of  practical  importance  rely  on  this  knowledge. 
Tliis  part  of  tlie  investigations  is  for  the  present  neglected,  as  also 
investigations  into  the  diseases  and  faults  of  timber.  Only  as  far  as 
tlie  knowledge  of  the  components  of  the  wood,  especially  its  water 
content  s.  affects  the  technical  qualities  and  usesof  timber  our  investi- 
gat  ion  will  touch  this  chapter  of  timber  physics. 

The  most  attention  is  given  to  the  determination  of  the^  physical 
properties  of  the  woods,  and  hand  in  hand  with  this  an  investiga- 
tion into  the  influences  which  determine  such  properties. 

It  is  apparent  that,  in  order  to  carry  out  such  investigations,  the 
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selection  of  test  pieces  is  of  tlie  greatest  importance,  and  must  be 
done  with  extraordinary  care.  To  obtain  such  samples  has  been 
found  quite  difficult  so  far,  partly  for  lack  of  proper  persons  to  pre- 
pare them,  partly  for  lack  of  funds  U)  pay  for  the  service  properly. 
Dr.  Charles  Mohr,  the  well-known  botanist  of  Mobile,  kindly  fiup- 

Eliecl  samples  from  the  Southern  pineries,  and  Mr.  N.  B.  Pierce,  of 
lUdington,  Mich.,  a  gentleman  well  versed  in  wood-craft,  from  the 
Northern  pines. 

The  following  instructions  for  taking  test  pieces  accompanied  the 
schedules  for  noting  the  data  in  reference  to  each  test  tree: 

Instructions  for  taking  samples  of  tcoodfor  technical  investigations,  and  for  natet 

concerning  ihein, 

(1)  METHOD  OF  TAKING  SAMPLES. 

(a)  Clioose  average  representative  trees;  do  not  look  for  the  largest  or  best  mor 
the  smallest  or  worst.     Old  trees  are  preferable. 

When  tlip  tree  is  selected,  mark  with  the  ax  the  north  and  south  sides.  Before 
cutting  off  the  bottom  log,  mark  the  north  and  south  sides  on  the  second  cut,  and 
so  forth. 

{b)  At  or  near  the  butt-end  of  each  log  cut  off  a  clear  section  4  Indies  thick  (rather 
less  than  more).  Before  (*utting  off  the  section  indicate  on  hottotn  of  section,  mtWi 
a  thick  pencil  line,  the  north  and  south  direction,  writing  the  letter  N  qn  the  north 
side  and  the  letter  S  on  the  south  side,  both  large  and  distinct. 

Note  on  each  section,  as  cut  off,  the  number  of  tree  corresponding  to  schedule  with 
Roman  numbers,  and  the  number  of  section,  l)eginning  with  number  1  at  the  boae, 
with  Arabic  numbers.  If  the  writing  prove  unsatisfactory,  tack  on  a  card  with 
numbers  in  addition.     This  is  to  aid,  not  to  replace,  tlie  marks  on  the  wood. 

If  the  section  is  heavier  than  4  pounds  (weight  allowe<l  in  the  mails),  split  some 
wood  on  each  side  of  the  N  and  S  line,  leaving  a  strip  of  at  least  4  inches  in  width. 
If  this  is  still  too  heavy,  cut  tlie  i)iece  in  two  through  the  center.  If  tliese  pieces 
are  still  too  heavy,  cut  them  again  in  two  halves  Iwtween  center  and  periphezy. 
Split  only  if  necessary,  and  never  fail  to  write  numbers  and  resjxjctive  letter  on 
every  piece  before  splitting  it  off. 

Weigh  each  piece  and  record  weight  in  note-lxK)k.  Measure  C4irefully  the  distance 
from  the  ground  to  the  first,  second,  etc.,  disk,  and  note  them  down  at  once. 

(c)  Wrap  each  piece  separately  in  two  separate  wrappers  of  thin  paper  and  one  of 
thick  oil  paper.  Let  the  pa^)er  be  amply  large,  and  well  tied  on  with  strong  twine, 
so  that  no  part  can  become  m  the  least  exposed. 

{(1)  From  one  of  the  Inrge  limbs  cut  off  disks  like  those  of  the  trunk,  one  about  2 
feet  from  stem  and  two  more  about  5  and  10  feet  respectively  from  the  first.  Mai^ 
tliein  with  Roman  number  of  tree,  and  Arabic  numbers  beginning  with  1  for  the 
piece  nearest  the  stem.  Besides  the  numbers,  draw  a  line  on  the  disk  from  the  upper 
side  of  the  Umb  to  the  lower  side,  and  indicate  the  top  side  with  a  large  T,  the  Dot- 
tom  with  B;  also  note  its  position  on  trees  as  to  exposure. 

{e)  PYom  the  base  of  tlie  second  log,  or  near  it,  cut  off  a  6-foot  piece;  let  it  be  as 
free,  from  knots  as  possible,  and  mark  it  in  the  same  way  as  the  sections.  Cut 
another  C-foot  piece  from  the  base  of  one  of  the  top  logs:  this  piece  also  as  clear 
as  possible  and  at  least  6  inches  through.  The.se  pieces,  while  fresh,  place  in  water 
and  let  them  remain  one  week,  then  paint  them  at  once  at  both  ends,  and  stack 
them  until  called  for. 

(2)  now  TO  DESCRIBE. 

For  each  tree  use  separate  sheet. 

Write  your  name  and  full  i)ost-oflice  address  on  back  of  each  sheet. 

Under 7f)(?a/tY7/  note  the  place  whore  the  tree  came  from. 

Under  description  give  a  general  description  of  the  lixiality;  answers  to  guestioiis 
like  the  following:  Is  the  country  level?  If  so,  is  it  a  low  plain?  High  table  land  ? 
Is  it  hilly,  mountainous?  In  what  direction  do  the  mountains  run  ?  Is  the  country 
mostly  wtxxied  or  cultivattnl  land?  Are  the  woods  in  large  bodies?  Are  they  de- 
ciduous or  evergreen  trees  or  are  they  uiixtHl  ?  Are  the  woods  cleaned  out  (free  nom 
dead  wood  or  under-brush)?    Are  any  trees  planted?   If  so,  what  kinds? 
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Under  site  is  desoribed  the  special  situation  of  the  tree.  This  oompriaeB  000- 
ygical  formation, 

lAxy  of  land, — State  here  whether  the  place  where  the  tree  stood  is  level,  in  a  val- 
?y  or  on  a  slope  (steep  or  gentle);  mention  angle  of  inclination  if  you  can.  State 
mich  way  it  slopes — ^to  the  north,  south,  etc.  Is  the  place  near  the  foot  or  near  the 
op  of  the  slope  ? 

Soil. — State  what  color  of  soil,  whether  rich,  middling,  or  po(»r.  Is  it  clay,  sandy 
mm,  sand  gravel,  coarse  or  fine,  and  what  kind  of  subsoil  is  there.  How  deep  ui 
he  soil  to  the  subsoil  ? 

Moiat  lire. — State  if  the  place  is  swampy,  wet,  moiBt,  dry;  if  near  any  water-course, 

creek,  or  spring,  and  if  ever  overflowed. 

Surface  cotter.— ^tate  if  there  is  any  grass  or  weeds  on  the  ground.  Is  it  mossy 
r  bare  ?  Is  there  any  leaf -mold;  if  so,  now  deep?  Is  there  any  shrubbery?  If  so, 
lanie  tlie  principal  kinds  if  you  can. 

Position  and  character  of  tree.—St&te  whether  the  tree  stood  in  a  forest,  in  an 
pen  field,  at  the  roadside.  Ilas  the  ground  been  cultivated  ?  If  so,  has  the  .timber 
>een  planted;  how  long  a^;  how  was  it  planted?  Is  the  piece  of  woods  large, 
:en»e,  and  what  are  the  principal  kinds  of  trees? 

Here  answer  also  the  following:  Is  the  tree  large,  average,  or  small  compared  with 
•thers  of  the  same  species  ?  Was  the  crown  large  or  smaU  ?  Did  it  stand  alone,  in 
.  cluster  of  the  same  kind  of  trees?  How  near  to  anv  tree?  Was  it  higher  than 
urrounding  trees?    Was  it  planted?    If  so,  how?    How  was  it  cut? 

In  description,  under  Position  of  test  pieces  give  distance  of  the  base  of  each 
roni  the  ground. 

Under  Position  of  limb  state  height  from  the  ground  on  tree,  and  north  or  east, 
tc.,  side. 

/^emarA*8.— Here  state  anything  which  has  not  been  stated  and  which  may  add  to 
,  full  understanding  of  the  conmtions. 

Tell  of  difficulties  in  finding,  in  cutting,  in  shipping  or  moving  the  wood;  whether 
(lany  trees  are  diseased,  or  other  wise  bad,  and  prevented  your  finding  a  suitable 
ne. 

Tell  any  peculiarities  of  the  forest,  as  whether  it  is  used  as  pasture;  whether  the 
ead  wood  is  cleaned  out;  whether  there  is  any  systematio  management  of  the 
orest,  etc. 

The  timbers  thus  far  brought  under  investigation  bv  Mr.  Roth 
lave  been,  of  Northern  pines,  Pi7ius  Strobus,  and  partially,  at  least, 
^ijuis  resinosa;  of  Southern  pines,  Pinus  CubensiSj  mttis,  Tceda, 
'lahra,  and  also  Taxodinni  disfichum.  The  test  pieces  of  Pinua 
)alustris  were  unfortunately  received  before  proper  arrangements 
Lad  been  made  to  use  them.  Some  interesting  and  some  striking 
esults,  needing,  however,  further  verification  before  genersJization 
aay  be  admissible  and  their  value  for  the  practice  be  recognized, 
lave  been  already  recorded,  of  which  it  may  be  proper  to  give  a 
liort  rt^sum^.* 

It  will  be  understood  that  the  results  and  conclusions  here  pre- 
onted  from  the  work  of  Mr.  Roth  are  of  a  preliminary  nature, 
erving  only  to  show  the  nature  and  progress  of  these  investigations 
o  far. 


(a)  Density  or  specific  gravity;  that  is,  quantity  of  ligneoas  substanee  in  a  given 
oliiiiie  (uKiuiUy  the  proportion  contained  m  100  cuUc  cttitimeters  is  stated). 

The  density  in  the  wood  of  Pinus  Strobus  showed  «  n^pid  decrease  from  the  base 
(1.4  Kranis)  to  a  distance  of  about  19  feet  from  the  groond  (86  grami^;  from  tbero 
i>  :ilK)ut  100  feet  from  the  ground  the  decrease  in  density  is  more  gradual. 

TIu>  w(kh1  on  the  north  side  was  invariably  denser  than  that  on  the  south  side. 
II  the  c-iise  of  P.  resinosa  the  values  were  70  near  the  base,  decreasing  to  80  and 
lull  inerea.sing  again  to  72.  In  Pintis  mitis  and  ToBda  the  same  ra]^  decrease  in 
eiisit y  is  observed  near  the  base,  in  general,  yet  in  more  irrcmlar  stages  than  is 
X I  )i  bited  by  Pin  us  St  robots.    The  same  irregularity  is  obeorved  m  these  two  southern 


*^i 


As  it  is  easier  to  make  computations  by  the  use  of  the  metric  srstem  of  measure- 
lent,  this  system  has  been  employed  in  tiiese  investigationi,  and  since  no  absolute 
ut  only  relative  values  have  so  far  been  established,  a  translatioii  of  the  results  into 
English  measure  seemed  to  be  uncalled  for. 
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pines  with  regard  to  the  relation  of  north  and  south  side,  sometiines  the  one  and 
sometimes  tlie  other  being  the  denser. 

In  Pinus  Cubensis  and  glabra  the  decrease  of  density  near  the  base  is  not  nearly 
so  rapid  as  in  the  other  pines  named,  and  while  the  minor  irregularities  in  densitf 
observed  in  Pinus  Ticda  and  mitift  are  found  throughout  the  length  of  the  tree  the 
fluctuations  are  not  nearly  as  gioat. 

In  Taxodium  the  relations  of  the  different  sections  of  the  tree  with  regard  to  den- 
sity differ  very  much  from  those  observed  in  the  pines.  The  density  near  the  base 
showing  38  grams,  it  rises  to  45  grams  at  al)out  one-third  of  its  height,  then  de- 
creases again  towards  the  top,  where  it  was  found  to  be  87  grams. 

Tlie  density  of  the  dry  wood  ranged  as  follows : 

Pinus  Strobus 41-83 

Pinus  resinosa 72-60 

Pinus  mitis 76-45  / 

Pmus  Tfleda 61-40 

Pinus  Cubensis 59-40  i 

Pinus  glabra 54-40  I 

Taxodium  distichum 45-36  ' 

Shrinkage,  that  is  the  amoimt  of  volume  lost  by  drying  fresh  wood  at  100*  C.  i 

Tlie  shrinkage  is  very  nearly  ^proportional  to  the  amount  of  organic  mibatanoe  or 
the  density  of  dry  wood,  since  it  is  due,  as  was  found,  to  a  loss  of  water  not  from         I 
the  cell-lumen  but  from  the  cell-wall.  j 

Pinus  Strobus  excelled  in  the  regularity  with  which  the  capacity  for  shrinkaf^e 
varies  through  the  length  of  the  tree.     Beginning  with  6  per  cent,  at  the  base,  it  \ 

rises  to  a  maximum  of  9  per  cent,  and  then  gradimlly  falls  again  to  6  per  cent.    In         j 
Pinus  resinosa  the  shrinkuge  proved  very  considerable,  amounting  to  from  25  to 87 
per  cent,  in  the  8a])-wood  antl  16  to  19  ^)er  cent,  in  the  heart-wood.  i 

In  the  southern  pines  no  such  regularity  as  in  the  northern  is  observed,  the  Taluea, 
if  exj)resseil  gi*aphically  on  the  sides  of  a  straight  middle  line,  representing  ociciUat- 
ing  lines. 

In  l\uro(Uum  the  curve  of  shrinkage  Ls  somewhat  parallel  to  that  of  its  denaitf. 
It  Ix^^ins  with  9  ]x*r  cent. .  rising  to  18  per  cent,  at  about  one-half  of  its  height,«id 
decreases  again  to  H  per  cent,  near  the  top. 
Tlie  range  of  shrinkage  i)ercentages  was  as  follows; 

Percent. 

Pinus  Strobus 9-6 

Pinus  resinosa 27-16 

Pinus  mitis 20-13 

Pinus  TiiMla 10^ 

Pinus  ( hibensis 18-10 

Pinus  glabra 12-6 

Taxodium  distic^hum 18-8 

The  amount  of  u*ater  in  the  fresh  wood  of  Pinus  Strobus  at  the  base  was  abomt  46 
percont..  beconiing  smaller  as  we  ascend  the  tree,  until  at  about  one-third  of  its 
height  it  has  dwreased  to  40  per  cent. ;  then  it  increases  again  to  48  per  cent,  at  the 
top.  It  was  also  found  that  the  siune  relation  between  north  and  soutii  side  of  the 
tree  exists  as  observed  in  regard  to  other  properties;  the  north  side  showed  a  greater 
amount  of  water  than  the  south  side.  Pinns  resinosa  ranged  from  19  per  cent,  at 
the  base  to  1^9  i>er  cent,  in  the  last  section. 

In  the  southern  pines  the  curve  showing  variations  in  the  amounts  of  water  con- 
tained in  the  wood  begins  with  a  minimum  value  near  the  base,  increasing  more  or 
less  gradually  and  reaching  a  maximum  value  near  the  top. 

.  In  Pin  us  mitis  and  Tcvcla  there  is  again  no  constancy  in  the  relations  of  north 
and  south  side,  sometiines  the  one  sometimes  the  other  having  the  greater  value. 

In  Ta.vodiu  m  the  amount  of  wat(»r  varies  similarly  to  the  density.     Beginning  with 
53  iKT  cent,  at  the  base,  it  rises  to  57  ix?r  cent,  at  mid-height,  and  falls  again  to  53 
I)er  cent,  at  the  top. 
The  range  of  values  was  as  follows: 

Percent. 

Pinus  Strobus 46-40 

Pinns  resinosa 89-19 

Taxodium  distichum 57-53 

In  regaivl  to  tlie  amoimt  of  otyanic  matter  or  dry  sul)stance  contained  in  100 
cubic  centimeters  of  fresh  wood,  the  following  results  were  obtained:  PinuaStrcbuB 
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showed  the  largest  amount  (88  gramB)  at  the  base,  ftallixig  Yery  IrapldlT,  so  that  the 
second  section  showed  only  82  mans,  then  falling  more  slowly  imtil  a  minimum 
value  wiis  reached  near  the  top  (30  grams).  The  north  side  excelled  in  the  relative 
abundance  of  organic  matter. 

Pimis  resinom  showed  vaJues  of  48  grams  at  the  base,  decreasing  to  88  grams  in 
the  third  section. 

In  tho  southern  pines  the  values  were  considerably  larger,  ranging  in — 

Pinus  mitis,  between  64  and  45  grams. 
Pinus  Ta^da,  between  54  and  40  grams. 
Pinus  Cubensis,  between  52  and  41  grams. 
Pinus  glabra,  between  48  and  8B  grams. 

Tlie  same  irregularity  and  inconstancy  in  conditions  of  the  north  and  south  sides 
as  were  observed  with  regard  to  other  properties  prevailed  also  in  regard  to  the  dis- 
tribution of  organic  substance. 

The  rapid  decrease  in  values  near  the  base,  so  conspicuous  in  Pinus  StrobuSy  is  also 
noticed  in  Pinus  Tceda  and  mitis,  but  is  hurdly  perceptible  in  the  case  of  i^niia  Cvben- 
sis  and  glabra, 

Tajcoaium  showed  a  curve  similar  to  that  which  represents  the  densities,  com- 
mencing with  34  grams  near  the  base,  increasing  to  40  grams  at  three-eighths 
of  its  height,  then  declining  to  84  grams  near  the  apex. 

The  air-space  contained  m  100  cubic  centimeters  of  treah.  wood  after  the  water 
was  expelled  was  also  determined. 

In  Piiiu^  Strobus  this  was  found  41  cubic  centimeters  at  the  base,  increasing  to  69 
cubic  centimeters  at  88  feet  from  the  ground,  then  decreasing  to  49  cubic  centimeters 
at  the  top.    The  values  for  the  south  side  exceeded  those  of  the  north  side. 

Bearing  in  mind  the  great  regularity  seen  in  the  relationa  of  the  several  parts  to 
each  other,  one  is  led  to  suppose  that,  for  the  wood  of  the  same  tree  at  least,  the 
shrinkage  stands  in  direct  proportion  to  the  amount  of  air-space.  But  that  each 
relation  does  not  hold  in  passing  from  one  species  to  another,  can  be  readily  seen  by 
comparing  the  results.  For  Pinus  Tceda  and  mitis,  results  sindlar  to  those  of  Pinua 
Strobus  wei*e  obtained.  There  is  first  a  rise  from  48  cubic  centimeters  to  58  cubic 
centimeters,  and  then  a  gradual  decline  to  41  cubic  centimeters  in  Pinus  Toeda.  In 
IHnus  mitis  a  rise  from  26  cubic  centimeters  to  40  cubic  centimeters,  followed  by  a 
decline  to  30  cubic  centimeters.  For  Pinus  glabra  and  Cvbenais  the  values  are  con- 
siderably oscillating,  lying  between  80  and  85  cubic  centimeters  <hi  the  north,  and 
l)etween  85  and  40  cubic  centimeters  on  the  south  side  for  Pinua  glabra,  and  be- 
tween 30  and  40  cubic  centimeters  for  ciibensis, 

Tlie  range  of  values  of  airnspace  was  as  follows : 

Pinus  Strobus 41-59 

Pinus  resinosa ^ 80-80 

Pinus  mitis 96-40 

Pinus  Taeda 41-58 

Pinus  glabra 80-40 

Pinus  Cubensis 80-40 

Many  other  determinations  of  this  nature  were  made,  all  of  which  when  properly 
amplihed,  classified,  and  plaoed  in  relation  will  give  us  a  large  amount  of  infonni^ 
tion  for  practical  use,  hitherto  a  sealed  book. 

There  were  also  made  measurements  of  the  changing  width  of  the  several  test- 
pieces  during  seasoning,  and  of  the  annual  rings. 

The  general  form  of  the  trunk  in  all  pines  being  the  same,  it  Is  ohiefly  a  compar- 
ison of  their  development  on  north  uid  south  side  that  fnterastsus. 

In  Pimis  Strobus  the  north  side  constantly  excels  the  south  side  In  thickness  with 
great  uniformity. 

In  the  southern  pines,  on  the  other  hand,  Mr.  Both  daims  to  have  discovered  a 
constant  change  in  the  amount  of  diameter  development  from  north  to  south.  It 
was  im]>ossible  to  determine,  with  the  test  pieces  on  hand,  whether  this  oscilla- 
tion in  the  develo])ment  curve  is  a  spiral  one  around  the  tree  or  in  one  plane.  The 
noar-lying  supposition  that  a  direct  proportionalitv  would  exist  between  density 
and  amount  of  growth  or  width  was  not  borne  out  by  comparison  of  the  resulto 
o])tained. 

In  counting  and  measuring  the  annual  rings,  for  the  purpose  of  bringing  time  and 
increase  of  volume  into  relation,  usually  three  sonee  could  be  distinguished,  ^diich 
were  moHt  marked  in  Pinus  Tceda  and  mUis,  less  80  ^  Pinu»  Cubenns  and  glabra^ 
and  least  in  Pinus  Strobus, 
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Taking  the  third  section  from  the  base  as  representing  probably  average  condi- 
tions, the  relation  of  these  zones  was  found  as  follows: 


p.  Strobus . 
P.  Teeda  . . . 
P.  mitis.... 

P.  Oabensifl 
P.  glabra . . 


I 
First  zone  (inner).    'Second  zone  (middle). 


Number 

Average 

of  rings. 

^idth. 

mm. 

9 

2.6 

10 

5.8 

11 

5.2 

16 

8 

9 

G.G 

96 
15 
25 


Average 
width. 


1.8 

4 

8.4 


Third  zone  (outer). 


Number 
of  rings. 


86 
18 
16 


Avenge 
width. 


INM. 


2 
9 

2.1 


32  rings  8"" 
20  4.5 


18 


8.1 


In  Pinxi8  Strobus  the  second  zone  is  not  very  sharplv  defined  from  the  first;  the 
rings  in  the  middle  zone  are  quite  regular  in  width,  the  outer  ones  only  becoming 
narrower  and  forming  a  transition  into  the  outer  zone,  which  consists  ol  light-col- 
ored sap-wood. 

This  regularity  in  the  middle  zone  indicates  steadily  increased  growth,  the  width 
of  the  rings  remaining  constant  for  about  one  hundred  and  thirty  to  one  hundred 
and  forty  years. 

In  P.  Toecla  this  acceleration  of  the  rate  of  growth  is  observed  up  to  the  thirtv- 
first  (?)  year.  The  outer  zone  differs  only  by  the  width  of  its  rings  from  the  middle 
zone,  but  the  transition  is  very  abrupt,  while  the  width  of  ring  in  either  zone  is 
quite  constant.  The  inner  zone  is  marked  sliarply  by  its  darker  colored  wood.  The 
same  distinction  is  visible  in  P.  mitis.  In  this  tree  a  steadily  increased  aocretian  is 
noted  for  forty-five  years. 

In  P.  Ciihensis  the  acceleration  is  continuous  through  the  whole  life  of  the  tree 
under  consideration. 

In  P.  glabra  the  inner  zone  differs  but  slightly  from  the  middle  zone.    Here,  as 
in  P.  Tcedii  and  mitis^  there  is  an  abrupt  cminge  in  the  rate  of  growth  observable, 
whicli  may  be  represented  by  an  ascending  curve,  suddenly  falling,  and  then  as 
cending  a^ain  in  a  direction  parallel  to  the  first  incline. 

Examining  the  width  of  rings  in  the  different  zones  at  different  heights,  we  find, 
in  general,  the  rings  of  the  middle  and  outer  zones  steadilv  increasing  in  width 
from  tlie  base  upward,  becoming  more  and  more  nearly  equal  toward  the  top,  until 
at  last  all  difference  vanishes,  and  with  it  the  distribution  of  zones  referred  to 
before. 

We  may  f  oresliadow  some  of  tlie  more  practical  results  which  seem 
to  follow  from  these  investigations  by  Mr.  Roth,  although  the  lim- 
ited amount  of  material  worked  up  will  hardly  warrant  to  base  much 
generalization  upon  them. 

While  the  other  pines  hero  considered  grow  far  more  rapidly  when 
young,  it  seems  highly  probable  that  Pinus  Strobus  retains  for  a 
longer  time  the  acceleration  of  growth  in  cross-section  and  is  more 
regular  in  its  total  development. 

It  was  stated  before  that  the  shrinkage  is  very  nearly  proportional 
to  \\\e  amount  of  organic  substance  or  tne  density  of  dry  wood,  since 
it  is  (hu^  t(^  a  loss  of  water,  not  from  the  cell-lumen  but  from  the  cell- 
wall.  Tliat  this  proportion  is  not  always  maintained  is  seen  in  the 
case  of  Finns  Strobus,  where  the  density  is  greatest  at  the  base,  the 
shrinkage  some  distance  {rom  the  base.  The  amount  of  water  in- 
creases while  the  amount  of  organic  substance  decreases  from  base 
to  top. 

While  in  Phuis  Strobus  grown  in  the  North  the  north  side  is  more 
favorable  to  development  than  the  south,  the  j)ines  of  the  South  do 
not  show  such  relation  to  the  direction  of  the  compass. 

Taxodium  differs  from  the  pines  in  nearly  all  the  points  determined. 
The  growth  is  very  slow — at  least  in  the  tree  under  observation — and 
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appears  subject  to  periodic  changes  of  growth  and  rest.  The  rings 
snow  a  groat  abunoance  of  summer  wood,  which  makes  them  appear 
as  if  containing  several  rings.  These  intermediate  rings  varied  from 
three  to  five,  making  the  counting  difl&cult  and  uncertain. 

There  wore  also  numerous  anahrses  made  of  the  growth  of  these 
trees,  which  it  would  lead  us  too  far  here  to  give  in  detail.  Let  it 
suffice  to  give  the  following: 

Comparing  the  two  trees  of  PiniLS  StrobtLS  and  resinosa,  which  are 
grown  under  nearly  the  same  conditions  and  with  equal  rapidity  of 
height  growth,  and  taking  the  fourth  section  as  representing  an  av- 
erage, tno  ratio  of  amount  of  organic  substance  per  unit  of  volume 
being  as  33  in  P.  resinosa  to  31  in  P.  Strobus,  the  following  compari- 
son may  be  made,  which  shows  Pimis  Strohus  a  superior  grower: 


First  twenty 
years. 

Next  fifty. 

Next  forty. 

Next  forty. 

Pinus  Strobus 

9.0 
8.6 

2.5 
8.5 

1.6 
.87 

1.8 

PinuR  resinosa 

.5 

Ratio  of  wood  arrowth 

1 
1.8 

81 

n 

1.7 

1 

8.8 

1 

What  has  been  here  recorded  of  this  work,  just  begun,  does  not 
claim  to  represent  any  wonderful  results  or  discoveries,  but  has  been 
sini})ly  related  to  show  in  what  direction  it  is  necess€u:y  to  investigate 
our  forest  flora  before  we  can  begin  to  speak  with  more  authority 
and  on  more  exact  foundation,  not  only  oi  the  proi)erties  of  the  vari- 
ous timbers,  but  also  of  the  prbper  timbers  to  be  grown  in  various 
localities  and  the  methods  of  managing  them. 

These  investigations,  abstruse  ana  simpljr  of  pure  scientific  interest 
as  they  may  appear  at  first,  are  fraught  with  the  greatest  practical 
hearing  on  forest  planting  and  forest  management.  They  are  of  such 
a  nature  as  to  require  their  conduct  under  Government  control,  and 
should  bo  engaged  in  by  the  Division  in  a  morQ  generous  and  far- 
reaching  manner. 

METAL  TIES. 

The  interest  which  was  stirred  up  among  railroad  men  by  the  pub- 
lication of  Bulletin  I  f ropi  this  Division  has  been  further  taken  care 
of  by  engaging  Mr.  E.  E.  Russell  Tratman,  civil  engineer,  of  Brook- 
lyn, N.  Y.,  to  gather  all  information  possible  with  regard  to  the  use 
()f  metal  ties  in  foreign  countries.  His  preliminary  report  has  just 
1  )ei»n  submitted.  *  It  shows  that  in  several  countries  the  metal  tie  nas 
])een  adopt<,Ml  far  beyond  the  limits  of  experiment.  There  may  be 
estimated  from  the  reports  not  less  than  10,000  miles  of  metal  track 
of  vari(nis  types  in  the  world,  the  lion^s  share  of  this  number  belong- 
ing to  Germany,  with  5,530  miles.  Next  comes  India,  with  about 
1  .son  miles;  the  Argentine  Republic,  with  over  1,000  miles;  Austria, 
Switzf^rland,  and  Spain,  with  each  from  200  to  250  miles;  Holland 
and  Belgium,  with  125  miles,  and  England,  France,  Africa,  Egypt, 
Als^eria,  Mexico,  and  other  countries  with  smaller  amounts. 

*  Tliis  iH'iH)rt  will  shortly  be  LssuchI  in  Bulletin  No.  Ill,  which  will  olao  embrace 
other  mutter  of  interest  to  railroad  managers. 
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Out  of  102,034  ties  on  tlio  Netlierlands  State  Railway, 
broken.     Of  this  one  type,  the  *'  Post  tie,"  there  were  ii 
ferent  countries  abfiut  730, 000  ties,  or  30,500  tons.     In 
saving  of  maintenance  with  metal  ties  has  been  calculal 
one-fourth,  or  800  per  mile. 

The  United  States  seems  the  most  backward  in  experiiii 
metal  ties.  This  apathy  will,  however,  presently  cease, 
of  wooden  ties  increases  and  tlie  cost  of  manufacturing  i 
reduced. 

A  seemingly  perfect  tie,  just  patented  in  this  country  b 
man,  A.  Durand,  civil  engineer,  is  claimed  to  be  produci 
low  rate  of  $1,  including  tlie  fastenmgs. 

TRADE  NOTES  AND  STATISTICS. 

Agreeably  to  the  expressed  wishes  of  lunil)ermen's  ass< 
had  been  proposed  to  direct  the  energy  of  the  Division  i 
certaining  the  remaining  stock  of  mercvliantable  white  pin 
stock-taking  was  to  be  made  as  thorough  as  it  could  be  d 

t>ropriation  of  $15,000  for  the  purpose  had  been  asked  for, 
)arely  sufficient  to  produce  reliable  results. 

The  approi)riation,  however,  failed  to  be  made,  and  nc 
work  was  therefore  attempted  by  the  Division. 

Some  notes  and  gleanings  of  interest  from  various  trade 
given,  in  addition  to  the  statistical  tables  of  exports  an 
which  are,  as  usual,  compiled  from  the  reports  of  the  Bur 
tistics. 

While  the  tariff  bill  and  free  lumber,  or  retention  of  th 
been  discussed  in  this  country,  Canada  has  increased  thee 
on  ])ine  and  spruce  logs  from  $3  to  $3.  This  is  claimed  t< 
liibitory  duty,  and  since  many  American  lumbermen  have 
timber  limits  over  the  line  with  the  intention  of  sawing 
their  mills  on  this  side,  the  feeling  in  lumbermen's  circles 
against  this  measure.  Canadian  lumbermen  are  said  to  I 
oi)posed  to  this  duty  as  American,  and  claim  it  to  be  t 
tional. 

With  r(>f(M'once  to  this  question  of  retaliatory  duty,  < 
lumber-trade  journals  purports  to  show  from  ihi)  statistic 
export  of  logs  from  the  UnitcKl  States  to  Canada  is  so  mm 
amount,  six  or  s(>ven  times  as  much  as  those  from  Canj 
United  States.  Unfortunately  the  statistics  are  chosen  w: 
ject  of  ])roving  the  proposition.  As  I  have  shown  in  a 
tained  in  my  last  r(»i)ort,  the  interchange  of  logs  and  roi 
between  the  United  States  and  Canada  is  almost  equal  i 
The  above-mcMitioned  journal  selects  for  the  Canadian  ex 
those  n^ferring  to  pine  timber,  while  for  imports  the  ent 
goods,  including  hemlock,  spruce,  oak,  etc.,  is  included, 
dian  statistics  allow  a  division  of  their  exports  into  th( 
kinds,  while  the  imports  are  lumped  together. 

Tlie  following  tames  reveal  the  true  state  of  affairs  : 
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Ike  United  states  for  the  y 


OAKASA. 

s«^ 

Dutr  OoUecHad, 

iDCUUdB. 

£3E£S%^ 

umtMieuMi. 

ii 

(61  LiimL*r  Mid  Umber  (duwrroe) 

(r)  Limibprand  timber  and  rou^djmu- 

tI.las,S74 

Tan  bark 

tnntherf  r^triroducta 

•ss 

ta6,«n 

8,188,0W 

ii.iw.wr 

1,«BS,«B 

•Ineludee  all  logs  Imported  Into  the  oounliT.    . 
tDuty  eatimatod  with  H  par  oent,  nta. 


Tho  following  tables  give  speci&cations  of  Bome  of  the  itema  lumped 
together  iu  the  above  table : 

Specified  exportaHona  into  the  United  Statet  from  Ckmada. 


5KT™: 


Hop  and  hoop  p( 
TelSETttph  noli^. 
Kn(«aaudhilto( 


liuKiWDOtl.  l>llIt«fllUt 


>  Lomborsnd  timber  (dutiabts): 

FtOBdMb 

Spruce  and  other  daala. 

~     '    Mllnsi.piokrta 

I,  boanu.  ]olM 


S14,TeO 

118.7(0 
IM.TU 


ShloftoM 
Othorhmil 


si.ni 


617.088 
lBS.n8 


^eeifted  importatioM  into  Canada  from  Ou  TJntttd  Btata. 


Xirrx.- The  ntKivittablea  are  made  up  from  t^"TB>,bunfTr*dsaadKan|atloiit<c  UwDi 
of  Oaiitula.-  TheflEiiri»inpareDtbeB&ttreri™iitl»iSStSdt<l«^"''***B'«~B™*»>>'>'fi' 
anO.  dllTi-r  BomewhaC  (rom  the  Ce""*''-  ~'"-~-  -omKi- 
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The  position,  then,  of  the  lumber  trade  between  Canada  and  the 
United  States  at  present  appears  from  these  and  the  subsequent 
tables  to  warrant  the  following  statements:  The  bulk  of  forest  prod- 
ucts and  wood  manufactures  which  we  imj^oiii  comes  from  Canada, 
while  wo  return  less  than  10  percent,  of  our  own  exports  of  the  flame 
kind  to  that  country.  This  exj)ort  consists  in  nearly  equal  shares  of 
raw  material  and  manufactures.  Of  the  latter  we  supply  almost  aJI 
that  Canada  can  take,  our  exports  of  this  class  of  goods  representing 
nine-tenths  of  the  total  importations  of  the  same  into  Canada.  Our 
importations  from  Canada  represent  about  50  per  cent,  of  all  exports 
of  the  kind  from  Canada  and  consist  mainly  of  manufactured  lumber. 
All  the  wood  material  thus  imported  does  not  count  up  to  75,000,000 
cubic  feet,  or,  very  roughly  speaking,  not  to  one-third  of  1  per  cent 
of  our  total  consumption.  As  to  logs  on  which  duty  is  coUect-ed,  only 
spruce  logs  cut  any  figure, with  loss  than  $100,000.  The  kind  of  logs 
impoiied  into  Canada  from  the  United  States  is  not  specified,  but  as- 
suming that  all  going  to  Ontario  and  Manitoba  are  pme,  these  repre- 
sent the  value  or  $255,406,  or  the  largest  share  of  the  log  trade. 

Comi)anson  with  the  condition  of  trade  ten  years  ago  shows  an 
increase  of  Canadian  imports  of  forest  products  to  the  United  States 
of  137  per  cent.,  while  exports  from  the  United  States  to  Canada  have 
hardly  changed  percoptioly  during  that  time. 

Altogether  it  woula  appear  that  while  Canada  has  every  reason  to 
encourage  lumber  trade  into  the  United  States,  she  does  not  offer  a 
sufficient  market  to  influence  our  forest  policy. 

It  is  also  admissible  to  argue  that  the  one  and  a  quarter  million 
dollars  of  tariff  duty  which  our  people  pay  on  eiglit  or  nine  million  feet 
of  lumber  coming  from  Canada  can  have  but  little  significance  and 
offer  but  small  protection  to  an  industry  producing  not  less  than 
(round)  10,000,000,000  feet  of  lumber,  which  may  Be  estimated  to 
represent  the  cut  of  white  pine  and  spruce  together — ^the  only  kinds 
with  which  Canadian  imports  come  into  competition. 

As  regards  the  ** inexhaustible"  white  i)ine  supplies,  the  lumber- 
men's papers  are  becoming  more  and  more  doubtful.  The  North- 
ivesiern  Lumberman,  the  pai)er  which  led  the  opposition  to  all  "de- 
nudatic''  theories,  lately  brings  the  following  significant  editorial: 

The  groat  study  nowadays  on  the  part  of  lumbermen  in  Michigan,  Wisconsin, 
and  Minnesota,  wiiile  the  ])ine  is  f iuling  away ,  concerns  the  avoidance  of  'WBsto  and 
the  utiHzation  of  all  the  timl)er  in  some  way.  Even  wormy  pine  is  being  cut  in 
large  quantities  by  Saginaw  Valley  himbermen  this  winter.  Its  manufacture  into 
lumlx^r  is  a  spei'ial  industry  in  itself,  as  the  product  can  be  readily  marketed  forcer- 
tain  purix)ses  to  which  it  is  adapted,  including  glass-box  shocks,  heads  for  crockery 
casks,  coarse  fencing,  etc.  A  large  demand  for  this  class  of  lumber  is  found  at 
Pittsburgh,  Pa. 

The  i)ai)or  quoted  above  also  states  that  *' the  quality  and  size  of 
]^)ine  is  depreciating  in  ratio  witli  the  pro<^ress  of  cutting  and  niauu- 
tacture."  *'  The  time  is  not  far  distant  -Nvlien  good  pine  will  be  posi- 
tively scarce.-' 

Anotlier  paper  expresses  itself  as  follows: 

If  anything  were  lacking  to  demonstrat-e  the  fact  that  *  the  Iwginning  of  the  end' 
of  the  pine  timber  of  Michigan  has  become  a  fixed  and  i)alpablc  reality,  a  single 
glance  at  what  may  Ix?  termed  saw-logs,  for  compliment's  sase,  as  they  are  towed 
down  the  Saginaw  River  from  the  Tittabawassee  b<K)m  to  the  mill  booms,  would  at 
once  supply  the  missing  link  in  the  cliain  of  evidence  amounting  to  an  ocular  demon- 
stration. Many  of  thest>  rafts  are  comix)sed  of  veritJible  jxiles  which  are  hardly 
worthy  the  name  of  saw-logs  and  barely  sufficient  in  size  to  produce  a  pieoe  of  4  by 
4  timber. 


DIVISION  OF  FOBESTBY.  629 

The  same  paper  remarks  on  the  celebrated  Muskogon  supplies: 

Two  years  ago  or  thereabouts,  the  prediction  was  made  that  IdS^-W  would  be 
the  last  pne  in  which  a  big  cut  of  loes  would  be  made  on  the  Muskegon  RLver.  It  is 
plain  now  that  it  will  be  abundantly  fulfilled.  Present  estimates  of  tne  coming  win- 
ter's input  on  that  stream  indicate  that  the  cut  will  fall  from  60,000,000  to  80,660,000 
beliind  last  year,  and  will  probably  but  little  exceed  400,000,000  in  all.  As  a  matter 
of  fact  it  can  be  easily  discerned  that  the  b^;inning  of  the  end  is  already  at  hand  on 
the  Muskegon,  and  that  its  history  from  this  time  forward  will  be  that  of  a  more  or 
le86  Klowly  decreasing  production.  There  is  practically  no  standing  pine  to  be  bought 
tributary  to  its  waters.  The  probability  is,  that  witmn  a  couple  of  years  mills  will 
have  finished  their  work  there,  to  make  a  difference  of  nearly  50  per  cent,  in  the  out- 
put as  compared  with  the  minimum  figure  reached.  This  decrease  will  be  missed 
seriously,  for  there  is  no  source  from  which  an  equivalent  Supply  can  be  drawn  to 
make  it  up,  unless  the  Greorgian  Bay  region  of  Canada  should  be  thrown  open  by  a 
removal  or  the  duty. 

The  increasing  value  of  pine  lumber  may  be  pretty  accurately  understood  when 
the  price  of  culls  is  considered.  Within  two  years  cuUs  have  actually  doubled  in 
value,  and  it  is  not  very  many  years  since  cuUs  were  burned  under  salt-pans  which 
would  bring  big  money  to-day. 

The  present  year  (1888)  has  seen  the  largest  cut  of  white  pine 
lumber  as  yet  experience<l.  According  to  the  compilations  oi  the 
Northwestern  Lumberman  it  amounts  to  8,388,716,460  feet,  B.  M.,  and 
4,514,646,801  shingles.  This  is  an  increase  of  7i  i)er  cent.  x)ver  last 
year's  cut,  which  is  a  larger  proportionate  increase  than  has  been 
observed  since  1882. 

There  is  a  great  deal  of  activity  developed  in  getting  hold  of  the 
timber  growing  on  Indian  reservations,  the  desire  of  obtaining  this 
valuable  property  at  low  rates  animating  one  side,  and  the  desire  of 
protecting  the  Indian  in  his  rights  and  securing  to  him  a  fair  return 
the  other  side;  these  two  aspects  being  the  onlv  considerations  which 
seem  to  count  in  the  policy  to  be  pursued.  The  desirability  of  keep- 
ing these  lands  as  Government  forest  reserves,  which  has  been  ad- 
vocated by  some  wise  and  patriotic  men  who  contemplate  something 
else  than  the  mighty  dollar  as  a  nation's  interest,  seems  to  have  no 
place  in  the  discussion  or  disposal  of  this  question. 

The  above  mentioned  pai)er  relates  a  conversation  with  a  manu- 
facturer of  butter  packages,  stating  that  it  had  become  difficult  to 
procure  sufficient  northern  white  ash,  and  adds: 

Tliis  man^R  need  of  course  cuts  but  very  little  figure  in  the  general  demand  foraah, 
but  hl^  declaration  emphasizes  the  fact  that  northern  ash  is  getting  scarce,  that 

future  supply  must  come  from  the  South. 

The  growing  scarcity  of  hickory  and  ash  for  suitable  ccuriage 
manufacture  has  induced  the  Carriage  Manufacturers'  Association 
to  appoint  a  committee  for  the  purpose  of  investigating  the  condition 
of  these  supplies. 

A  writer  conversant  with  southern  timber  resources  calls  attention 
to  the  rapidly  increasing  demands  upon  yellow  pine  supplies,  and 
says:  "  Ere  twenty  years  expire  we  may  look  around  with  cola  sta- 
tistics to  back  us  in  vain  for  these  vast  and  rapidly  disappearing  for- 
ests of  pine." 

Another  man,  who  knows  whereof  he  speaks,  thus  dilates  upon 
the  Southern  pine  forests: 

We  need  help  in  the  development  of  the  South,  3ret  I  could  wish  and  it  would  be 
justice  itself,  if  those  of  us  who  have  borne  the  burden  of  these  ttmes  of  ddpresBioii 
in  the  South  could  hold  on  to  enough  of  our  natiaal  wealth  to  make  us  independent 
of  this  incoming  tide  of  investors.  ♦  ♦  ♦  Farther  investigationB  "mil  show 
that  the  general  estimates  as  to  the  quantity  of  the  yellow  pine  and  other  timber 
in  the  South  have  been  exaggerated,  and  a  canvass  d  the  timber  tracts  will  show  a 
lesser  average  number  of  feet  to  the  acre  than  has  been  imiverBally  reported. 
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I  l)eliovo  thoso  {MM>pk)  who  huvn  ^^ottcii  into  their  hoails  the  idea  that  thesapgtj 
will  lx»  unlimitini  for  the  coining  gcru'rations  will  iirrive  at  u  wiser  conclusion  as 
the  (lays  an<l  years  of  their  lives  come  on  apaei'. 

In  regard  to  tliu  tiinbt^r  rosourcos  of  the  Pac*.ific  coHst,  which  have 
only  just  begun  to  ho  HimrcH-icated,  we  liear  the  following*  from  the 
editor  of  the  Humboldt,  California,  Standard,  situated  in  the  heart 
of  the  redwood  operations: 

How  the  mighty  ha\e  fallen  I  Tlu^  2(H)-feet-to-tirst-linib-straight-aB-a-flhlp's-maslr 
to-a-lieight-of-300-feet-7-foot-in-(lianiet(*r  tre/w  are  not  so  plenty  as  they  once  were; 
the  once  common  40-foot-in -diameter  reilwooil  trees  no  longer  thictly  stud  oar 
forests.  Alas  I  our  matchless  reilwood  forests  are  molting  away  before  the  wood- 
man*s  ax  and  the  ravenous  tootli  of  the  saw,  hko  snow  under  the  tropical  son.  A 
pcore  of  years  henc«» scarcely  a  vestige  will  be  left,  and  our  people  will  know  and 
appreciate  its  great  value. 

The  lumber  export  busin(»ss  from  the  Pacific  coast  is  increasing 
every  year.  Redwood  forms  tlu*  .jLcreat  staple  of  San  Francisco  ship- 
ments. During  the  y(?ar  isss,  according  to  **  Wood  and  Iron^^  the 
»hii)ments  amounted  to  "^iJ^^r./.m  r«*et,  B.  M.,  valued  at  •749,923. 
Most  of  tliis  goes  to  Austi-alia  and  Pacific  islands,  the  market  for 
redwood  in  the  Eastern  Stairs  biding  still  of  small  dimensions.  Over- 
land shipments  to  the  East  amoiinte<l  to  4,3?1),0()1  feet,  valued  at 
6i;31,:{7(). 

The  sliipments  frojn  Piiget  Sound  are  somewhat  larger,  consisting 
mainly  of  red  fir  and  Port  Or  ford  cedar.  The  total  output  of  lum- 
ber foV  the  year  188S  is  coinpntcd  at  in'j, 00 1/^70  feet,  mostly  rough 
lumber,  valued  at  $r).7/)|i.r)80.  Australia  forms  the  best  exi)ort  mar- 
ket.* Local  demand  for  box  factories,  furiiiture,  and  wagon  manu- 
factures is  brisk.  California,  (^specially  San  Francisco,  takes  the 
large *st  share  of  the  coastwise  trade,  and"  Denver,  Salt  Lake,  Ogden, 
and  small  towiis  in  eastern   <)rrg(m,  Wasbington,  and  Idsdio,  take 


over  *v>(),()00,000  feet.  Sliip-l)uiMing  is  reported  as  very  active  at  the 
sound,  twenty  vessels  with  a  t(;nnageof  4,'^*25  having  been  completed 
this  year,  and  the  business  outlook  foi*  lumbermen  is  blight.  The 
exports  have  increased  alxnit  50  ])cr  cent,  during  the  year,  amount- 
ing in  1SS8  to  $1,001.  J -IS,  rej)resenting  besides  shingles,  laths,  inckets, 
and  spars.  II ;j, 775, 000  feet  of  boards. 

*Thn  shipments  to  Australia  this  ycnir  amounted  to  55,487,6U4  feet,   B.  M.,a» 

against  24,515.087  feet,  B.  M.,  last  year. 
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England  leads  the  list  of  countries  to  which  we  ship  the  largest 
amounts,  closely  followed  by  the  West  Indies;  the  Argentine  Repub- 
lic comes  next,  and  then  Austria,  (lerniany,  and  Canada,  with  almost 
equal  participation  in  our  ex])ort  trade. 

In  wood  manufactures,  which  form  less  than  one-cjuarter  of  our 
exports  of  forest  products,  agricultural  implements  and  liouseliold 
furniture  alone  are  of  signiiicance,  each  with  about  ^2,000,000  worth. 

England,  France,  tlie  Argentine  Republic,  Austria,  and  Germany 
together  tiike  over  two-thirds  of  our  wood  manufactures.  France 
and  the  Argentine  Republic  are  the  best  markets  for  agricultural 
iniplements. 

The  cooperage  industry  finds  its  best  customers  in  the  West  Indies 
with  over  $1,000,000  worth  of  goods.  Spain  and  Portugal  come  next 
with  together  three-(|uarters  (^f  a  million,  and  England  with  some- 
what less  than  half  a  million.  It  is  noteworthy  that  we  furnish  to 
France,  which  imports  yearly  from  :>.j,(M)0,()()()  to  40.000.000  staves,  not 
as  much  as  $100,000  of  our  c()o])(M'jige,  while  Italy,  through  whose 
territory  by  wav  of  Trieste  and  l^^iinue  France  receives  the  largest 
part  of  Ker  need  of  staves,  from  Hungtiry,  yet  allows  us  to  dispose  of 
almost  8100,000  of  cooperage  to  her. 

Our  imports  have  increased  duriiig  the  year  by  somewhat  over 
$1,0(K),()0(),  without  specially  noteworthy  features  in  the  distribution 
of  this  increase. 

The  tabl(»  of  imports  from  various  C(^untries  shows  that  British 
America  is  the  only  country  which  comes  into  comjjetition  to  any 
extent  with  our  native  forest  products  in  i-ciw  shai)es,  while  Germany, 
Austria,  France,  and  England  send  us  somewhat  over  $1,000,0(K) 
worth  of  wood  manufactures.  Nearly  two-thirds  of  our  imports  of 
forest  i)roducts  are,  like  Iiidia-rubber,  gums,  cork,  dye-woocfc,  cabi- 
net-woods, not  produced  in  our  countrv. 

Our  ex])orts  have  increased  during  tlu^  year  by  over  $3,500,000,  or 
12^I)ercent.  This  increase  is  largely  represented  ixi  raw  material, 
logs,  and  hewn  timber  to  the  amount  of  $ii00,(XK);  boards,  deals,  etc., 
$1,:J()0,()()0;  while  manufactured  articles  take  x^^^*^-  ^^  the  increase 
with  only  (round)  $800,000. 

The  largest  exports  of  raw  material  are  in  maimfactured  lumber 
and  in  naval  stores;  the  next  largest  in  cooperage,  timber,  and  logs. 

The  shipments  of  lumber  to  Great  Britain  have  been  considerably 
above  those  of  former  years.  According  to  the  trade  reports  of 
that  country  we  shipped  the  following  quantities  to  England  during 
the  under  inentioned  vears: 


Years. 


1886 
18S7 
1888 


Quantity. 


Cubic  feet. 
15,514,850 
14,4OS,80O 
17,475,000 


Value. 


$4,5!t>,5]ft 
4,486,M) 
5,714,070 


Walnut  shipments  were  esj)ecially  heavy,  often  of  doubtful  quality 
aiid  tlun-efore  sold  at  a  sacriiice.  Hamburg,  Germany,  imported  of 
this  staple  over  10,000,000  feet  or  almost  double  the  amouut  of  last 
year. 

If  we  add  cooj^erage  to  lumber  and  timber,  the  West  Indies  prove 
almost  as  good  customers  as  England,  the  latter  country  swelling 
the  amount  by  its  large  importation  of  naval  stores,  which  repre- 
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sents  almost  40  per  cent,  of  its  importation  of  forest  products 
from  lis,  and  also  nearly  40  per  cent,  of  our  total  expoi-ts  of  naval 
stor€«;  Germany,  the  Netherlands,  Belgium,  and  Brazil,  together 
taking  anotlier  ;3G  per  cent. 

The  total  imports  of  sawn  and  hewn  timber  into  Great  Britain  for 
the  last  four  years,  according  to  the  detailed  statistics  given  by  the 
Timber  Trades  Journal  of  London,  England,  were  as  follows: 

Cubic  feet. 

1885 308,248,950 

1 886 268, 059, 600 

1887 275, 451, 000 

1 888 311, 008, 450 

Of  these  amounts,  we  furnished  7  and  6  per  cent.,  respectively,  in 
1887,  1886,  and  1885;  but,  although  we  have  shipped  more  lumber 
and  timber  to  England  this  year,  our  proportion  of  the  whole  im- 
portation has  fallen  below  0  per  cent.  Nearly  one-half  of  this  comes 
from  our  southern  ports  in  the  shape  of  yellow-pine  timber  and  lum- 
ber, namely,  from  rensacola,  Fla.,  alone,  8,105,45*0  cubic  feet.  From 
the  same  port  there  were  shii)ped,  in  addition,  to  other  countries  and 
coastwise,  nearly  14,000,000  cubic  feet. 

CULTURAL  NOTES. 

During  the  yea^  a  great  many  letters  asking  specific  advice  in  re- 
gard to  tlie  cultivation  of  different  trees,  methods  of  starting  groves, 
iiiaiia<^ement  of  natural  growth,  etc.,  have  to  be  answered  by  the 
Division,  and  give  rise  to  the  collection  of  notes  and  information  on 
subjects,  some  of  which  are  hero  embodied. 

Pt'rliaj)s  the  most  notable  advance  in  the  field  of  forest  culture 
wliicli  has  been  made  lately  is  the  application  of  mechanics  to  tree- 
l)lautiiig.  It  may  indeed  prove  the  turning-point  for  practical  forest 
l)luiitiiig  in  the  ])rairies  and  plains  that  a  machine  has  been  invented 
capable  of  brc^aking  the  ground  and  setting  and  planting  from  20,000 
to  :U),000  seedling  tn^^s,  all  in  one  motion. 

This  machine  is  of  exceedingly  simple  construction,  and  in  its  re- 
sults, having  been  tested  for  two  years,  seems  to  be  superior  not  only 
in  the  quantity  but  also  the  quality  of  work. 

It  was  in  its  first  form  a  child  of  necessity.  Thomas  A.  Stratton, 
a  farmer  near  Lincoln,  Nebr.,  originally  from  the  Buckeye  State, 
having  a  tree  claim  in  southwestern  Nebraska,  at  Stratton,  70  miles 
west  of  the  one  hundredth  meridian,  found  himself,  in  the  spring  of 
188G,  with  100,000  two  and  three  year  old  seedlings  on  hana  and  no 
chance  of  hiring  the  labor  for  planting  the  same.  He  devised  and 
constructed  the  tree-planter  with  his  own  hands,  and  begun  plant- 
ing on  April  17 — planting,  with  the  aid  of  one  man,  and  five  horses 
aln-east,  the  entire  100,000  trees  in  eight  days,  most  of  the  ground 
being  unprepared,  a  small  part  only  having  been  back-set. 

The  v^^d  of  April  was  Arbor  Day,  and  Mr.  Stratton  set  11,200  trees, 
handling  every  tree  himself  in  order  to  obtain  the  premium  **  for  the 
greatest  number  planted  by  one  man."  Of  these,  according  to  affi- 
davit of  witnesses,  95  per  cent,  were  alive  and  growing  in  October 
of  the  same  year  (see  Annual  Report  Nebraska  State  "Board  of  Agri- 
culture, 1880,  p.  49)  and  are  now  (1888)  ^^^  t\iT\ity  condition.  On 
otlier  davs,  when  driver  and  feeder  cu»'^8^^  \v^uc\s,  as  many  as 
15,000  trees  were  set,  and  with  the  ivj^provexxxe^^^  ^"^^^  ^^^^  ^^® 
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man  has  set,  in  nine  hours,  15,272  asli  seedlings — on  Arbor  Day,  1888. 
With  more  help  and  further  im]>rovements,  now  made,  the  machine 
will  be  caimble  of  ])reparing  f;n)un<l  and  planting  in  a  thoipugh 
manner  from  2(),()LK)  to  :30,()0()  ])lants  or  more. 

The  machine  is  drawn  by  iive  horses  abreast.  Tlie  coulter  and 
coiiltor-plow  (C  and  D)  cut  th(»  prniriesod  in  advance  of  the  large  fur- 
row-plow (D*)  which  op«»jis  a  furrow  G  inches  wide  (or  wider  if 
wanted)  and  from  10  to  15  inches  deep,  the  dei)th  being  regulatecl 
by  means  of  a  lever  (N)  oi)erated  by  the  drivc^r,  and  the  furrow  being 
kept  open  by  extension  or  the  lanAsidos.  By  the  side  of  tlie  plant- 
ing-wheel, which  is  propelled  ])y  walking  on  the  ground  as  the  ma- 
chine moves  (walking  sticks  G),  are  seats  for  the  feeders  (Rand  R*), 
and  by  their  side  are  boxes  for  carrying  plant  material  (P)  enough  to 
plant  a  row  lialf  a  mile  long,  4  feet  apart.  The  plants  are  fed  to 
automatically-acting  grapples  or  clam])s  ((P)  attached  to  the  planting-  * 
wheel.  The  distance  (if  the  plants  is  reiijulated  by  the  number  of 
grapples  on  the  planting- wheel  whicdi  arc  being  used.  In  the  new 
machine,  the  grapples  on  each  spoke,  which  are  to  receive  the  plants, 
are  kept  open  by  means  of  a  disk  and  S2)rings  until  they  pass  a  given 
point  on  tne  uppei'  side  of  the  wheel;  ])ef(u*e  this  is  reached  the  plant 
IS  inserted  with  the  roots  pointing  u])wni'(]s  into  a  holder  (I)  where 
it  is  found  by  the  grapi)le  which  takes  it  up  and  closes,  holding  tlie 
plant  until  it  is  brought  around  and  down  into  the  furrow,  when  the 
grapple  opens  automatically  and  drops  the  tree.  At  that  moment 
two  sliovels  (J),  following  closely,  till  soil  around  the  plant  and  close 
the  furrow.  Ttie  hind  wheels  represent  two  0-inch-faco  rollers,  set 
somewhat  obliquely  to  press  the  earth  firmly  against  the  pldnts. 
The  superior  success  of  the  planting  by  this  ma(diine  on  raw  prairie* 
as  against  ordinary  metho(is  on  prei)ar(Ml  ground,  which  has  been 
observed,  must  be  ascribed  to  these  rollers,  which  l)ring  roots  and 
soil  in  closest  contact,  the  most  essential  recpiisito  in  tree  planting, 
most  especially  in  a  dry  climate. 

It  is  of  course  not  necessary,  as  was  done  in  the  first  instance,  to 
plant  into  the  i*aw  i^rairie,  although  this  experience  has  shown  that 
it  can  be  done  successfully.  The  better  plan  would  be,  where  the 
ground  is  light  and  dry  and  covered  with  buffalo-gi^ass.  as  in  the 
western  j)arts  of  Nebraska  and  Kansas  and  in  eastern  Colorado,  to 
cut  the  sod  in  the  sj)ring  as  soon  :;s  llu^  ground  is  in  condition,  and 
break  the  ground  with  a  coulter-plow,  following  with  a  disk-liarrow 
to  break  the  sod  fine,  then  do  the  planting  at  once  in  trenches  or  with 
the  planter. 

In  this  way  the  plants  are  i)lac('d  in  a  soil  wliich  has  had  no  chance 
;f  drying  out;  all  rains  penctrati'  (easily  and  collect  in  the  trench  in- 
vhich  the  plants  stand,  and  the  sod  forms  a  mulcli  which  helps  to 
prevent  evaporation.  The  new  ground  biMng  five  from  wee<ls,  makes. 
'ultivation  unnecessary,  and  tlu^  ]>lants,  if  jilanted  4  feet  apart  and 
ri.'  good  growth,  will  soon  cover  the  ground  sufficiently  to  subdue 
.he  incoming  weeds.  This  method  of  ])lanting,  which  I  proposed 
<wo  years  ago,  after  having  inslx^cted  the  c<>n(liti<')ns  of  tree  plant- 
ngin  the  West,  tlnnigh  i)rol)ably  not  a})plirable  to  all  conditions,  has 
)P«T^  fully  proved  correct  by  th(M'xpcri(nc(»  of  Mr.  Stratton  durins 
ast  two  years,  since  he  used  his  troe-i)]anter.  He  writes:  "1 
d  rather  plant  trees  on  new  ground  in  the  above  manner  and  let 


^\^: 


hem  remain  n^'niltivated  than  to  ]>lniit  tnvs  in  old  ground  deeply 
•ultivated,  ful     .'  weed  se(j<ls,  and  tlien  tc  ""^^ivate  the  trees;  the  re- 
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Mr.  Stratton  figures  that  one  ordinary  tt^tion-engine  arranged 
for  drawing  plows  will  operate  3  i)lows,  1  narrow,  and  1  tree-planter, 
attmclod  by  two  men  only,  planting  trees  4  feet  apart  each  w»y,  at 
tlie  rate  of  r,  acres  per  day,  if  properly  managed.  And  as  there  are 
ordinarily  at  least  sixty  days  in  the  spring  time  for  tree  planting, 
two  men  can  plant  360  ai^es  during  the  spring  sea^son  with  this  ma- 
cliinery:  with  more  help  the  amount  of  planting  could,  of  course,  be 
incroa.sed  within  limits. 

That  this  tree-setting  machine  may  be  adapted  to  the  planting  of 
tol)ac((),  cabbages,  beets,  etc.,  need  not  be  fuiiiher  elucidated. 

At  ])resent  writing  the  machine  is  not  yet  in  the  market,  but  it  is 
Tinderstood  that  during  the  coming  summer  its  manufacture  will  be 
begun. 

FOREST  FARMING. 

Tliore  are  several  methods  in  vo^e  of  combining  agricultural  use 
of  th(^  soil  with  forest  planting,  with  a  view  both  of  cneapening  the 
planting  and  benefiting  the  plants. 

Prol^ably  the  need  of  agricultural  lands  for  the  poorer  population 
rath(^r  than  any  other  consideration  has  in  Germany  early  given  rise 
to  this  combination  of  forestry  with  a  temporary  agricultural  use  of 
the  forest  land. 

That  such  use  of  clearings  before  their  reforestation  may  prove  an 
advantage  to  the  new  forest  growth  and  be  employed  to  cheapen  and 
facilitate  reforestation  was  probably  an  after-thought.  In  devising 
methods  for  prairie  planting  this  practice  deserves  more  considera- 
tion than  it  has  hitherto  found. 

Such  agi'icultural  use  of  the  land  either  precedes  reforestation  or 
is  continued  for  a  time  after  the  tree-planting  has  been  done.     We 


A  common  rotation  of  crops  is  rye,  potatoes  or  millet,  oats;  and 
then  oak,  pine,  and  spruce  sown  withtne  oats  or  planted  on  the  stub- 
ble. By  sowing  the  tree  seeds  with  the  oats  or  rye  or  millet,  the 
seedlings  derive  a  three-years'  protection  from  the  crop,  and  after- 
wards from  the  stubble. 

No  exhaustion  of  soil  is  anticipated  from  a  three  to  four  years* 
f  ( )ie-farniing.  ^  Reforestation  by  these  methods  has  been  practiced  in 
all  parts  of  Germany.  About  5,000  acres  are  farmed  in  this  manner, 
an  (I  about  75, 000  acres  of  forest  which  originated  in  this  way  exist 
in  the  western  provinces  of  Germany.  It  has  been  especially  in  vogue 
in  Hesse  (*^  Roederbau")  for  more  than  a  centunr  with  the  great- 
est success,  as  is  test itiea  by  over  5,000  acres  of  finely  grown  pine, 
spruce,  fir,  and  beech  forest  up  to  one  hundred  and  twenty  years  old, 
witli  a  yearly  average  accretion  of  90  cubic  feet  per  acre,  a  remark- 
able ])rodnction. 

Pr<'r(»  the  practice  is.  after  a  crop  of  potatoes,  to  sow  pine  and  oak 
t<)i;(  tlier  with  rye  and  oats;  or  else  to  plant  tne  oak  and  pine,  and 
farm  betwei^n  tlie  rows,  on  better  soils  for  four  years,  with  a  rotation 
o^  j)()tato.  rye,  x)otato,  rye,  or  for  two  years  with  potato  followed  by 
ryo  on  j)oorer  soils  (ctmifer  soils).  By  this  method  sometimes  a  sur- 
plus over  and  above  the  cost  of  reforestation  and  cultivation  of  $13 
to  $14  ])er  acre  was  obtained. 

An(jther  method  was  to  crop  the  jm)tl3^^  "witti.  ^taA^oes,  and  then 
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for  one  year  betweon-farmin.iJ^  Vv'itli  grain,  trees  boin^  introduced  by 
seed  or  planting. 

A  somewliat  different  managomont  is  the  temporary  use  of  a*«op- 
pice  for  agriculture  (*•  Ha(.*kwaKl/'  *'  Haul)erg").  About  1 7,(KX)acre3 
are  annually  so  used  in  western  Germany  and  probably  a  larger  amount 
in  France.  After  the  coppice  is  cut,  which  is  often  'done  in  early  fall 
because  the  brush  with  uie  leaves  on  gives  more  ashes,  the  brush  ami 
soil  cover  is  burnt  over;  and  by  piling  an  extra  amrmnt  of  brush  on 
the  stumps  of  undesirable  kinds  these  are  exterminated,  the  ashes 
are  evenly  distributed,  and  rye  is  sown  and  covercnl  witli  the  hoe.  In 
the  spring  fail-places  are  stocked  with  oak,  either  by  sowing  or  plant- 
ing tne  roots  (stumps). 

This  method  may  be  of  some  use  in  the  oak  coppices  which  are 
grown  for  the  tan-l)ark,  as  quality  and  value  of  the  latter  are  said  to 
be  enhanced  by  the  fertilization  with  ashes.  It  is,  on  the  other  hand, 
sufficiently  well  ])roved  by  experiments  that  an  advantage  to  the 
forest  as  such  does  not  accruer  from  sucli  management;  on  the  con- 
trary, deterioi'ation  of  forest  conditions  is  unavoidable  from  the  use 
of  fire. 

PARIS  EXPOSITION. 

In  conclusion,  I  should  mention  that  much  time  was  not  unprofit- 
ably  consum^nl  by  th(»  Division  in  pn»}>aring  an  exhibit  for  the  Ohio 
Centennial  pjXj)ositi()n,  an<l  again  for  tlie  International  Exhibition  at 
Paris.  The  (exhibit  at  the  latter  place,  which  will  form  the  subject 
of  a  sp(»cial  n^nort,  may  claim  to  be  the  first  forestry  exhibit  from 
our  country  wliich  deserved  such  a  name,  holding  itself  strictly  to 
matters  of  forestry  as  an  art  by  itself,  and  not  attempting  to  make 
a  display  of  the  various  manufactures  which  relyuiion  this  art  and 
promiscuously  of  the  many  woods,  im])ortant  and  unimportant,  which 
make  up  our  forest  flora.  In  subsection  A,  Forest  fiotany,  of  the 
four  hundred  and  twenty  or  four  hundred  and  thirty  species  of  tim- 
ber trees  which  are  found  in  the  United  States,  a  selection  of  one 
hundred  and  twenty  was  made,  which  represent  those  probably  of 
imi)ortance  to  forestry.  These  were  exhibited  in  hand-specimens  of 
wood  blocks  and  botanical  specimens,  arranged  in  groups  and  pro- 
vided with  descriptive  labels,  so  that  the  beholder  could  at  once  study 
the  species  in  all  its  asp(>cts.  The  labels,  showing  on  a  small  map  of 
North  America  the  iield  of  distribution  of  the  species,  were  mostly 
furnished  by  theMusemn  of  Natural  History  in  New  York,  from  the 
well-known*  Jessup  Collection.  Through  the  courtesy  of  the  Massa- 
chusetts Society  for  the  Promotion  of  Agriculture,  the  entire  set  of 
colored  plates  contained  in  Michaux' s  North  American  Forest  Flora 
is  exhibited. 

There  are  also  photographs  showing  the  characteristic  trees  of  our 
forest  ilora.  To  show  the  anatomy  of  our  w^oods,  microscopic  sec- 
tions, transverse,  radial,  and  tangential,  of  twenty  species  were  en- 
larged one  hundred  times  and  photographed,  forming  a  novel  and 
most  instructive  exhibit. 

Acolb  ction  of  the  seeds  of  one  hundred  species  of  forest  trees  leads 
the  exhibits  in  sul)section  B,  Forest  Cidture,  and  a  neat  model  of  the 
tree-planter  above  referred  to  shows  the  nuinner  in  which  we  shall 
l)resently  clothe  our  prairies  and  plains  with  a  verdant  growth. 

The  most  unicpie  exhibit,  however,  is  a  (collection  of  some  fifty  sets 
of  sections  taken  from  as  many  trees  at  dilf eroiit  heights,  which  show 
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the  rato  of  ^Qwt.li  of  the  various  species  usually  planted,  from  dif- 
ferent localities  of  the  country. 

This  exhibit  has  proved  full  of  a  large  amount  of  iufoi-mation  in 
regai'd  to  tree  >jrowth,  which  I  i-egret  lack  of  space  does  not  allow  rae 
to  dilate  upon  m  this  report,  biit  which  will  foiTu  a  valuable  coutri- 
bution  for  a  later  publication. 

Other  exhibitH.  showing  the  size  and  quality  of  our  woods,  the 
barks  used  for  tauuintf — ouo  mammoth  piece  of  hemlock-bark  meaa- 
in-iiig  S  by  13  feet — the  methods  o£  log^ng  and  Uvila  iiswi  in  the 
lumb.>rinff  ojierations,  and  the  many  sniallor  items,  majis,  photo- 
gniniis,  plans,  etc.,  it  would  load  me  too  far  to  enumerate. 

The  limited  sjiaee  allowed  for  a  report  like  this  can  not  possibly 
contain  a  full  account  of  tlie  work  done  and  the  resiilts  a^liioved  in 
a  year's  work  on  a  Held  which  reaches  out  in  so  many  directions  aa 
that  of  forestry. 

All  I  can  hope  to  do  is  to  show  to  the  reader  the  diversity  and 
variety  of  divectiona  in  which  the  altfutiuti  ut  tliiw  Division  is 
called,  and  to  impress  upou  Congress  and  i]i.  ciililic.  ii.-i  I  have  tried 
in  my  former  report  to  do,  the  need  of  U.-H.-v  I'm  ciliiifs  for  doing 
the  useful  work  which  this  Division  couM  jiiTrm-iii  U"  properly  en- 
dowed. 

Respectfully  sulmiitted. 

B.  E.   Fekxuw. 
Chief  of  Funnlnj  Dii-ision, 

Hon.  Norman  J.  CdLMAN, 

Secretary  of  AijricuUtire, 
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Sir  :  This  may  be  properly  classed  as  the  Primary  Division  of  the 
Department  of  Agriculture.  By  act  of  Congress,  March  3,  1839,  an 
appropriation  of  $1,000  was  taken  from  the  Patent  Office  fund,  which 
was  tlien  deemed  a  sufficient  amount  to  appropriate  **for  the  pur- 
pose of  collecting  and  distributing  seeds^  prosecuting  agricultnnd 
investigations,  and  procuring  agricultural  statistics. "  It  was  by  this 
timely  and  important  act  of  Congress  that  the  Agricultural  Division 
of  the  Patent  Office  was  created. 

The  average  amount  expended  annually  during  the  fourteen  years 
dating  from  the  time  the  first  appropriation  was  made  until  1853, 
wlien  the  first  annual  appropriation  was  made  from  the  Treasury, 
did  not  exceed  $3,000.  In  1854  the  amount  appropriated  was  $35,000, 
which  has  been  gradually  increased  until  now  the  appropriation  to 
tlie  Seed  Division  alone,  for  the  distribution  of  seeds,  plants,  cut- 
tings, etc.,  exceeds  $100,000  annually. 

Tlie  foundation  of  the  world's  prosperity  is  an  abimdant  annual 
crop.  A  prime  basis  for  a  good  crop  is  good  seed.  If  we  would  in- 
crease the  annual  average  crop  of  wlieat,  we  must  take  more  care  in 
the  selection  of  seed.  The  average  yield  per  acre  of  the  United 
States  is  about  12  bushels,  while  the  average  yield  in  Great  Britain 
is  :2S  bushels.  To  add  a  single  bushel  per  acre  to  the  annual  wheat 
yield  in  America  increases  the  income  of  the  farmers  to  a  sum  equal 
to  about  §40,000,000. 

Tlie  av(  rage  yield  of  corn  per  acre,  according  to  statistioal  re- 
)orts,  is  about  :^4  bushels.  The  total  yield  is  now  about  1,700,000,000 
iisliels  a  year.  With  a  little  more  care  in  the  selection  of  seed,  and 
more  thorough  cultivation,  this  product  can  be  increased  one-third, 
which  would  amount  to  a  sum  so  vast  as  to  seem  incredible.  Other 
leading  crops  can  bo  increased  in  the  same  proportion  by  the  carefol 
selection  of  seed  and  more  thorough  cultivation, 

A  rt»cent  writer  tells  us  "that  the  fertility  of  the  soil  is  the  meae* 
ure  of  its  capability  for  supporting  vegetable  and  animal  life,  and  on 
this  depends  much  of  the  growth  ana  prosperity  of  a  countey,"  If 
this  be  so,  it  is  a  matter  of  vital  importance  that  the  agricultural  in- 
terests of  a  country  should  be  made  its  first  consideral^n.  The  fact 
is  beginning  to  be  recognized  that  the  problems  which  the  farmer  of 
to-day  must  solve  are  more  intricate  than  tiiose  to  be  solved  in  any 
other  occupation.  They  are  as  deep  as  the  mysteries  of  vegetable 
and  animal  life,  and  their  solution  is  a  matter  of  such  careful  sci- 
entific investigation  that  the  ordinary  farmer  co\ild  not  use  or  in- 
ter j)ret  them  any  more  than  the  scientist  could,  'mt'hout  practice, 
guide  the  plow  and  **lay  the  furrows  straight  and  smoofftu 

One  of  the  most  important  of  these  vari^^^  -j^tO^iVeiaa  to'be  solved 
by  the  agriculturists  mall  parts  of  o\vrgt^^^  COxiJt^'^'^^'^^'^^"^^*" 
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ment  of  the  pastures  and  meadows.  With  the  increased  demand  for 
grasses  and  forage  plants  the  Department  has  made  a  special  effort 
to  moot  tlio  want,  and  to  secure  those  varieties  possessing  the  greatest 
merit  and  to  distribute  them  in  tlie  localities  ap^parently  best  adiq)tecl 
for  their  general  cultivation.  The  distribution  of  f'lorida-grown 
Teosinto  by  the  Department  has  proved  to  bo  a  step  in  the  Tight  di- 
rection. Tlie  greatly  increased  production  of  this  seed  in  Florida 
and  in  tlio  localities  contiguous  to  the  Gulf  of  Mexico  has  reduced 
the  price  sulliciently  to  warrant  the  x)h^nting  of  a  large  acreage  for 
forage.  Heretofore  the  seed  has  been  imported,  and  the  high  price 
at  which  it  was  held  deterred  many  from  planting.  The  reports 
received  in  this  Division  indicate  its  special  value  as  a  forage  plant. 
Judge  Miller,  of  Bluffton,  Mo.,  writes: 

It  is  one  of  the  most  remarkable  forage  plants  of  recent  introduction.  One  siiigle 
grain  in  a  liiil  in  g<XKl  soil  will  produce  a  mass  of  slioots  that  is  astouishing.  Cattle 
and  horsi^s  eat  it  greedily,  both  leaves  and  stalks.  I  made  a  calculation  that  an  acre 
would  yield  70  tons  of  gieen  feed. 

It  will  unquestionably  become  a  paying  crop,  and  as  a  forage 
plant  has  hardly  an  equal.  But  few  species  ot  noxious  weeds  or 
plants  can  live  under  its  dense  shade,  and  it  completely  exterminates 
manv  of  them  in  the  course  of  two  or  three  vears. 

Kaffir  corn  has  also  been  a  success  as  a  forage  plant,  and  has 
flourished  from  Maine  to  Florida,  and  from  tho  Atlantic  to  the  Pa- 
cific. It  is  easily  cured  and  produces  uniform  heads  under  all  cir- 
cumstances. 

The  Serredella,  a  fodder  plant  introduced  by  the  Department  from 
Russia,  is  comparatively  little  known,  but  gives  promise  of  being  of 
value  in  some  localities.  The  Hairy  Vetch  (  Fiaa  viUosa),  a  native 
of  Persia,  it  is  thought  will  become  a  valuable  addition  to  the  forage 
plants  in  the  winter-wheat-producing  districts.  It  grows  thriftily 
and  blossoms  profusely,  ana  is  therefore  an  excellent  plant  for  bee 
pasturage. 

The  Alfalfa  clover  (Lucerne),  which  has  been  widely  distributed 
by  the  Dei)artmont  during  the  past  four  years,  is  likely  to  be  more 
generally  cultivated  than  it  has  neen  heretofore. 

A  corrcspoiuh^nt  of  tlie  Department  whose  farm  is  in  the  James 
River  Valley,  Virginia,  gives  the  following  as  his  experience  with  it: 

On  a  field  of  10  acres,  that  hati  been  well  cleaned  the  previous  year,  I  sowed  dor^ 
ing  the  month  of  April,  18^5,  25  pounds  of  Alfalfa  to  the  acre.  It  came  up  quicUy 
and  kept  down  the  weeds,  making  liner  hay  than  when  it  is  sowed  too  thinly.  The 
first  summer  I  cut  it  once  and  got  about  1  ton  to  the  acre.  Last  year  I  cut  it  three 
times  and  got  some  4^  tons  per  aere.  This  year  I  have  cut  it  already  three  times 
which  will  make  lit  least  o  tons  per  acre,  and  it  is  about  ready  to  cut  a  fourth  time 
which  will  yi(»ld  alnjut  1  ton  ]x*r  acre.  That  will  make  in  all  some  6  tons  per  acre 
this  season,  but  it  must  be  rememl)ered  tliat  this  is  grown  on  very  rich  James  River 
bottom  land.  ^ly  cattle,  horses,  and  sheep  all  seem  to  like  Alfalfa,  and  I  think  it 
improves  the  land  more  than  any  other  hay  crop. 

Some  time  since,  a  correspondent  of  tlie  CrrefmnUe  Times  (Miss.) 
made  tlie  fcjllowing  statements  in  regard  to  Lespedeza,  or  Japan 
clover: 

I  have  sf^en  a  little  patch  of  this  clover  in  tlio  midst  of  a  large  sedjo^grass  field 
gradually  kill  the  f(n*mer  out  and  convert  an  otherwise  useless  area  into  a  "wilw»g 
meadow'  Strange  to  say,  while  it  kills  out  all  other  grasses,  it  can  be  easily  exter- 
minat(»d  itself.  In  some  cases  even  Bermuda  has  lx»en  known  to  succumlb  to  its 
rapacity.  Stock  fatten  and  keep  sleek  on  this  clover,  and  parties  well  acquainted 
with  its  merits  say  tliey  get  20  imv  cent,  more  cream  from  the  milk  f  umiahea  fay  the 
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'X)ws  tliat  graze  on  tliis  ^ass  than  any  other  food.  A  qualitative  analysis  was  m^e 
>f  tliis  clover  at  the  Agricultural  College,  and  the  result  showed  that  it  contained  72 
)or  cent,  of  nutritious  substances,  as  compared  with  the  51  ^r  cent,  of  Northern 
Timothy.  It  is  even  claime<l  that  it  acts  as  a  fertilizer,  enriching  the  ground  from 
vhich  it  springs.  It  dies  down  in  November,  and  in  early  March  is  again  showing 
ts  green  branches. 

N.  W.  McLain,  a^ent  of  the  apicultural  section  of  the  Entomo- 
ogical  Division,  stationed  at  Hinsdale,  111.,  writes  thus  to  the  De- 
partment regarding  the  Chapman  Honey  Plant: 

The  Echinops  splierocephahiSy  a  plant  native  in  Central  France,  is  now,  by  com- 
uon  consent,  becoming  known  in  tne  United  States  as  the  Chapman  Honey  Plant, 
►n  account  of  Mr.  Chapman,  of  Versailles,  N.  Y.,  being  the  nrst  to  cultivate  the 
)lant  in  the  United  States,  and  first  to  call  the  attention  of  thoee  engaged  in  bee- 
keeping to  its  value  as  a  honey-plant.  The  plant  grows  from  8  to  4  feet  high,  each 
oot  and  stem  bears  from  six  to  twelve  branches,  and  each  branch  stands  upright, 
rowned  with  a  round  ball,  the  entire  surface  of  which  is  coveted  at  the  tune  of 
•looming  with  small  white  flowei*s  having  bluish  stamens.  The  stalks  and  leaves 
ei'Y  closely  resemble  those  of  the  thistle,  but  the  crown  is  aptly  described  by  its  bo- 
anical  name,  round-headed,  and  in  appearance  like  a  hedge-hog.  The  time  of 
►looming  is  from  and  after  July  15;  the  term  of  blooming  is  from  eight  to  fourteen 
lays,  varied  by  the  nature  of  the  soil  and  the  season.  The  term  of  blooming  may, 
lowever,  be  prolonged  four  or  five  weeks  by  cutting  back  a  portion  of  the  plants. 
!'his  fact  is  significant  when  estimating  the  value  of  this  plant  to  the  honey  pro- 
iucer.  This  plant  stands  among  the  very  first  as  to  the  quantity  and  quality  of 
loney  to  be  obtained  from  one  source.  The  plant  is  hardy,  easily  propagated  and 
>erennial,  and  flourishes  on  poor  or  good  soil,  and  there  is  no  danger  of  it  becoming 

pest  or  noxious  weed.  The  seed  must  be  scattered  in  wast^  pmces  or  sown  like 
nion  seed.  It  does  not  bloom  until  the  second  season,  and,  as  it  does  not  spread,  is 
asily  exterminated.  Frequently  eight  or  ten  bees  may  be  seen  at  one  time  on  a 
ingle  crown,  and  by  actual  count  2,135  separate  visits  have  been  made  by  bees  to  a 
ingle  hea^l  or  crown  in  one  day,  from  5  o'clock  a.  m.  to  7  o'clock  p.  m. 

During  the  past  two  years  the  Department  of  Agriculture  has 
aade  an  earnest  effort  to  disseminate  as  widely  as  possible  such  va- 
ietios  of  wheat  and  other  grains  as  were  deemea  to  be  specially 
adapted  to  particular  localities,  and  has  received  numerous  reports 
roni  tlie  growers,  indicating  that  many  of  them  are  likely  to  prove 
cry  vahiable.  Complaint  has  been  made  that  a  single  quart  is  too 
mall  an  amount  for  trial.  Nevertheless  one  quart  or  seed  properly 
own,  broadcast  or  in  drills,  will  occupy  5  square  rods  of  ground,  or 
,  thirty-second  part  of  an  acre.  From  this  60  to  100  pounds  of 
ihecit  can  bo  produced.  This  quantity,  when  re-sown,  ought  to  pro- 
uce  from  20  to  30  bushels,  so  tnat  the  entire  neighborhood  can  be 
uickly  supplied  with  it,  provided  it  proves  to  be  specially  adapted 
0  the  locality. 

It  is  tlie  aim  of  the  Department  to  distribute  enough  seed  to  thor- 
uglily  test  eacli  valuable  variety  of  wheat,  corn,  barley,  oats,  or 
ther  cereal  in  every  Congressional  district  in  which  it  is  probable 
hat  they  can  bo  successfully  grown.  The  increased  production  per 
cro,  and  tlie  greater  w^eight  per  bushel  of  a  superior  quality  that 
as  resulted  from  the  distribution  by  the  Department,  would,  if  the 
acts  could  be  aggregated,  convince  the  most  skeptical  of  its  value 
>  the  country  at  large.  The  value  of  the  seed  distribution  is  best 
videnced  by  the  records  in  the  annual  reports  of  the  Department. 
\)i'  instance,  in  that  of  18G8  it  is  shown  that  the  wheat  crop  reached 
v^4, 030,600  bushels;  acreage,  18,400,132;  average  yield  per  acre,  12.1 
ushels;  value  of  crop,  $319,195,290:  average  price  pex  onshel,  (1.42. 

The  i-eports  of  ex])eriments  with  Tappahaniioc\^  ^heat  distributed 
y  the  Department  show  an  average  yield  per  acre  ot  ^5 bushels;  the 
jtal  yiehl  at  that  rate,  on  the  acreage  of  1B08,  ij<f oxiXdLte  ^^1,503,300 
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bushels,  an  inrroast*  of  :^:}r,-4<5G,7i)0  bushels,  which,  at  $1.4'2  per  bushel, 
would  bo  a  money- value  iut^rease  of  ?>337,:iO;2,714.  If  this  wheat  were 
to  take  the  i)lac*e  of  other  varieties,  however,  and  should  be  sown  as 
the  general  crop  is  now  sown,  witliout  the  si>ecial  care  usual  in  ex- 
perimentinc^,  the  avera;Li^e  yicM  would,  of  course,  fall  below  25  bush- 
els; but  if  the  average  increase  [)er  acre  could  be  raised  to  15  bushels 
(a  low  estimate  for  the  Tappahannock)  the  increase  in  bushels  would 
be  55,380,31)0;  in  money  value,  8T^«,01U,1G2. 

Immediately  after  the  introduction  of  theFultz  wheat  in  1871,  into 
nearly  every  county  of  Virginia,  from  forty  experiments,  in  nearly 
as  many  counties,  the  lowest  yield  rei.)orted  was  15  bushels  to  the 
acre,  while  thu  average  yield  was  30  bushels.  The  average  yield  of 
the  wheat  crop  in  Virginia  in  1871  was  8  bushels  per  acre,  and  the 
price  was  $1.3t)  i^er  bushel,  making  a  total  valuation  98,853,910.  If 
the  Fultz  wheat  had  been  exclusively  sown,  and  the  average  yield 
had  been  but  15  bushels  per  acre,  a  gain  of  only  7  bushels,  the  re- 
sulting increase  of  the  value  of  the  wheat  crop  would  have  been 
$7,740,800,  or  about  one-nuarter  enough  to  i)ay  the  existing  State 
debt.  As  the  direct  result  of  the  very  general'  distribution  of  im- 
proved varieties,  the  increase  in  the  average  yield  of  wheat  during  the 
years  1878,  1870,  1880  was  2  bushels  per  acre.  This  in  forty  niiilion 
acreage  yearly  would  bo  80,(M)u,0()0  bushels  increase,  or  again  to  the 
country  of  about  87o,0(K),O()()  annually. 

Wheat  has  ever  been  consi<lered  an  important  crop  among  the  na- 
tions of  the  World,  an<l  has,  in  many  instances,  been  the  measure  of 
their  prosperity;  our  own  country  has  been  no  exception  totbismla 
Th(^  great"  increase  of  the  wheat  crop  of  the  United  States  is  owing 
largely,  among  other  causes,  to  the  opc^ning  up  of  the  ^eat  grain 
fields  of  the  N'orthwest,  its  cash  value  as  an  ex^)ort,  and  its  adapta- 
bility to  a  great  variety  of  s<jils.  Different  localities  require  different 
varieties,  as  it  is  a  well-known  fact  that  differences  in  soil  and  cli- 
mate cause  such  changes  in  the  characttT  of  well-known  varieties  as  to 
make  them  vary  greatly  in  their  agricultural  values.  The  demand 
for  new  kinds  for  the  purpose  of  testing  their  value  is  constantly 
increasing. 

It  is  the  uniform  practice  of  the  Department  not  only  to  carefully 
note  the  results  of  climatic  clian.j;(^s  on  well-known  varieties,  but  to 
introduce  those  best  suited  to  the  different  sections  of  our  wide-spread 
territory.  An  examination  of  tlie  results,  as  drawn  from  the  reports 
received  by  this  Departmi^nt  cm  the  varieties  distributed,  proves  the 
excellences  of  Sibley's  New  (xohlen,  llaiiin's  Amber,  and  the  GK)od, 
and  tlnur  adaptability  to  our  climate  and  soil..  These  varieties  have 
commanded  attention  from  th(dr  earliness,  the  quality  of  their  grains, 
and  their  freedom  from  rust. 

Tlie  Fulcaster,  now  being  spoken  of  with  universal  commendation, 
is  a  hardy  and  prolilic  wlieat.  It  is  a  hybrid  of  two  of  our  most  cele- 
l)rate(l,  time-tested,  and  liardy  wheats,  viz,  Fultz  and  Lancaster,  aa 
it  has  the  straw,  chalf,  and  peculiar  eight-row  head  of  tho  BHiltz,  with 
the  hardiness,  long  herry,  and  beards  of  the  Lancaster,  really  pos- 
sessing all  tlie  good  <pialiti(^s  of  both.  This  wheat  has  a  stiff  white 
straw  that  willstand  up  w(^l  I  under  almost  any  circumstances;  a  white 
beardt^d  cliaff  that  clings  to  tlie  grain,  not  shattering  easily;  heads 
lon^  and  massive,  iilled  with  ilie  large,  plump,  flinty,  lonR-berry 
grains.  It  ri])f*ns  from  three  to  six  days  earlier  than  most  other  va- 
rieties, and  the  yield  is  said  to  b(»  fully  equal  to  the  Fultz.  The 
originator  also  claims  for  it  superior  milling  qualities.     This  wheat 
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was  originated  in  the  Cumberland  and  Shenandoah  Valley  region, 
one  of  tne  finest  winter-wheat  sections  of  the  United  States. 

The  oat  crop  of  1808  was  254,960,800  bushels;  acreage,  9,606,736; 
average  ^ield  per  acre,  26.;^  bushels;  value  of  crop,  $142,484,910;  av- 
erage price  per  bushel,  55  cents.  Reports  of  experiments  with  the 
Excelsior  oats,  a  new  variety,  introduced  by  the  Dejxartment,  sliow 
fin  average  production  of  40  bushels  per  acre,  60  bushels  not  being 
an  uncommon  yield.  Estimating  the  average  yield,  if  generally  in- 
troduced, at  30.3  busliols,  an  increase  of  4  bushels  per  acre  over  the 
average  yield  of  1868,  and  the  addition  to  the  wealth  of  the  country 
in  tlie  item  of  oats  would  be  38,662,944  bushels,  or  $21,264,619. 

The  weight  of  the  product  of  the  Excelsior  oats  for  a  few  years 
after  their  introduction  may  be  fairly  averaged  at  20  per  cent,  above 
the  common  varieties,  estimatin|^  the  latter  at  30  pounds  to  the  bushel 
and  tlie  former  at  36,  although  m  many  cases  40  and  45  i)ounds  per 
measured  bushel  have  been  reported.  Add  20  per  cent,  to  the  sum 
above  ascertained,  and  an  increase  will  be  shown  of  $25,617,642. 

The  increase  in  yield  of  oats  by  the  introduction  of  improved  va- 
rieties, imported  or  grown  in  localities  especially  adapted  to  their 
growth,  has  been  from  10  to  30  bushels  per  acre,  sufficient  to  pay  the 
entire  cost  of  growing  the  crop,  thus  leaving  the  usual  average  crop 
one  of  clear  gain  to  the  producer. 

Tlie  outlook  for  the  t(^bacco-grower  has  not  been  materially  im- 
proved since  the  previous  report  from  this  Division  was  issued. 

The  i^roduction  of  inferior  and  low  gi-ades  of  tobacco  still  con- 
tinues; and  by  far  too  large  a  per  cent,  of  the  crop  of  1888  is  sold  for 
less  than  the  actual  cost  of  production.  One  cause  of  this  condition 
of  affairs  is  that  too  little  attention  is  given  to  the  careful  selection  of 
seed.  Maj.  R.  L.  Ragland,  who  is  regarded  as  the  best  authority  in 
this  country  of  the  best  UK^thod  of  producing  what  he  aptly  terms 
pedigHM^  tobacco  seed,  says  : 

Tobacco  seed  p^owni  and  wiv(m1  liko  buckwheat,  i.  <?.,  every  panicle  on  the  stalk 
rll()\v(Ml  to  remain  and  lx»ar  capsiilos,  will  turn  out  double  the  quantity  in  yield  over 
Svi»d  j)UintH  trimnietl  of  all  their  lower  branches,  and  only  three  or  four  at  most  of  the 
to])  ones  allowed  to  bear  8€H?d.  Tlie  pruning  process,  however,  is  the  proper  mode, 
for  by  it  the  seed  capsules  are  larger,  the  whole  force  of  the  plant  isdu'ected  to  the 
formation  of  fewer  caj>sules  with  s<hhIs  of  higher  vitality,  which  may  be  more  surely 
relied  u])o!i  to  transmit  their  i>eculiar  good  qualities.  Seed  thus  grown  is  more  re- 
liable in  every  essential  (piality,  and  sliould  never  be  classed  with  seed  grown  after 
the  old  methods. 

l]i  view  of  the  present  somewhat  depressed  condition  of  the  to- 
bacco market,  the  i)r()])()sition  to  reduce  the  acreage,  as  a  remedy,  is 
])y  no  mt'ans  as  fc^asible  a  (m(^  as  that  of  a  fixed  and  united  determi- 
]Kition  oil  the  i)art  of  the  growers  to  plant  only  the  choicest  seed, 
irrt'spt^ctive  of  the  price,  inasmuch  as  the  amount  necessary  to  be 
t'X})en(h'(l  for  suilicient  seed  to  plant  a  large  area  is  relatively  very 
small.  The  first  step  to  1)0  taken  is  that  of  prociu'ing  seed  from 
t-^rowcrs  in  localities  where  it  attains  its  highest  perfection.  Good 
scod,  good  soil,  ^^ood  cultivation,  and  therefore  intelligent,  skilled 
inanii)ulation  will  surely  result  in  the  production  of  a  fine  staple  that 
will  always  sell  at  remunerative  prices. 

Ill  tlu^  annual  report  of  this  Division  for  1887  a  "brief  allusion  was 
made  to  the  recent  Uoom  in  tobacco,  especially  in  Florida.  The  De- 
partment, ever  cognizant  of  the  growing  needs  oi  Wxe  country,  has 
this  year  given  special  atte}ition  to  the lW>cuTmg  ^^  "'^^^  vanotios, 
or  th(;so  tobaccos  which  seem  best  adapted  to  tU^  (iiSt^t^ut  tobacco- 
raisin<c  States. 
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The  improvement  in  all  varieties  lias  been  strongly  marked  in  the 
last  decade,  and  old  varieties  with  but  few  exceptions  are  fast  going 
out  of  use  as  better  ones  are  being  introduced. 

What  the  tobacco-growing  regions  of  the  United  States  now  need 
are  better  facilities  for  curing,  with  a  better  understanding  of  the  best 
methods  of  handling,  if  tobacco  is  to  continue  to  be  one  of  the  great 
money  crops  of  this  country.  Tobacco  requires  early  planting.  Ex- 
periments made  in  southern  Florida  witli  Deli  Sumatra  and  other 
varieties,  by  planting  seed  from  Janxiary  15  to  March  15,  to  find 
which  months  were  the  most  suitalile  for  tol)acco  planting,  have 
proved  conclusively  that  the  earlier  is  the  most  successful.  Trans- 
planting should  not  be  later  than  April  5  or  6,  as  later  the  rays  of 
the  sun  become  too  strong,  and  if  the  crop  is  not  harvested  by  the 
middle  of  August  the  tobacco- worm  l)ecomes  so  numerous  as  to  de- 
stroy the  whole  crop  despite  the  greatest  care. 

Tliere  is  no  question  as  to  the  adaptiv(>ness  of  soil  and  climate  of 
our  Southern  States  to  the  cultivation  of  the  finest  grades  of  Cuba 
tobacco.  Sumatra,  Vuelta  Al^ajo,  Imported  Havana,  and  the  Pe^ 
sian  appear  to  be  among  the  choice  varieties.  The  Sumatra  and 
Vuelta  have  yielded  from  800  to  1,000  pounds  per  acre  in  Florida 
during  the  jjast  season,  which  yield  will  be  largely  increased  when 
farmers  become  more  familiar  with  the  most  approved  methods  of 
culture. 

Sumatra  excels  as  cigHr-wrai)]KM-s,  being  described  as  ^^  fine  as  split 
silk,  tough  as  whalebone/'  and  the  Vuelta  is  equally  as  fine  for  fillers. 
An  interesting  fact  in  n^gard  to  tlio  Sumatra  has  been  sent  to  tiie 
Department  by  Hon.  RaiiKMi  ().  Williams,  consul-general  at  Havana. 
It  IS  this:  Messrs.  H.  Upniau  &  Co.,  an  old  German  tobacco  house  of 
Havana,  state  that  twiMity-livc  years  ago  they  executed  an  order  for 
tobacco  seeds  received  from  iha  ( joverument  of  Holland.  This  seed 
was  sown  as  an  exprrinu'ut  in  the  island  of  Sumatra,  and  the  su- 
I^erior  leaf  n(nv  produced  in  that  island  is  extensively  used  in  Europe 
and  the  United  States  for  cigar-wrappers. 

A  reliable  correspondent  of  this  D(*j)artment  writes  with  regard  to 
his  experiuK^nts  wltli  the  Vuelta  Abajo  (imported)  in  Coinah  County, 
Miss.,  as  follows: 

It  proved  to  be  as  fine  in  flavor  and  sizx^  of  leaf  Jis  any  ever  produced  in  the  iBland 
of  Cuba.  Some  of  t\w  leaves  w(T(»  takt^n  to  New  Orlejins  and  given  to  an  expert 
cigar-maker,  who  made  lliem  up  as  an  experiment,  and  they  proved  equal  ineveiy 
resi)e<!t  to  the  finest  iinported  Havana.  It  w«a,s  exeeedinpjly  aromatic,  even  when 
smoked  in  a  pij)e.  T  run  aiiirm  that  from  im])orte<l  seeil  the  Vuelta  Abajo  in 
central  and  southern  Missis^;lppi  grows  as  luxuriantly  and  produces  as  fine  a  quality 
im  that  gi'own  in  CvU]>a. 

The  Depai'lmentof  A;Li:ricultiirolias  not  been  unmindful  of  its  duty 
to  tlio  Aniorican  toLacco-growors,  for  tlio  solection  of  seeds  sent  to 
every  section  to  which  tiicy  arc  now  known  to  bo  best  adapted  has 
created  an  unpreccdeiitod  in(tuiry  for  the  Department  tobacco  seeds. 

During  the  past  year  esi)Ocial  attention  has  been  given  to  securing 
a  liberal  supply  of  sucli  variirtios  of  grains,  grasses,  and  forage  plants 
for  distribution  as  have  attracted  particular  notice  in  the  localities 
where  the^y  are  indigenous  or  have  bcM.»n  originated  by  careful  selec- 
tion, hybridization,  or  otlierwise.  AVlicn  ])ro]Krly  labeled  and  ready 
for  distribution  they  have  been  sent  to  tlio  different  localities  where 
the  soil  and  climatic  conditions  seemiHl  to  warrant  their  general  cul- 
tivation. These  eiforts,  judging  from  the  flattering  letters  of  ap- 
proval that  have  been  received,  indicate  the  high  appreciation  of  tiSo 
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efforts  of  the  Commissioner,  which  have  been  so  promptly  seconded 
by  this  Division. 

The  greatly  inci^eased  testimony  of  the  recipients  of  Department 
seeds  during  the  past  year  is  indicative  of  the  great  utility  and  pub- 
lic economy  of  the  present  distribution  of  seeds. 

It  is  a  fixed  principle  of  the  Department  of  Agriculture  to  pusli 
the  dissemination  of  new  varieties  until  they  are  widely  enough  dis- 
tri])uted  to  ascertain  tlieir  adaptability  or  non-adaptability  to  all 
localities  in  the  United  States.  As  soon  as  this  is  accomplished  the 
practice  is  discontinued.  For  this  reason  the  national  distribution 
should,  it  seems  to  me,  be  of  more  advantage  than  disadvantage  to 
tlie  leading  seedsmen  throiij^hout  the  United  States. 

The  direct  benefits  resulting  from  the  distribution  of  Department 
seeds,  would,  if  aggregated,  represent  more  millions  than  the  seed 
has  ever  cost  in  thousands,  in  any  year  of  its  existence.  Wherever 
a  marked  increase  of  crops  has  occurred  the  result  has  generally  been 
attributed  to  the  new  and  improved  varieties  of  seed  distriouted. 
The  statement  is  freciuontly  made  by  correspondents  that  the  seed 
received  by  them  had  increased  the  yield  of  crops  from  10  to  50  per 
cent.  The  records  of  tlie  Department  teem  with  evidences  of  the 
money  value  of  the  increased  production  due  to  the  introduction  of 
new  seeds. 

Many  indirect  factors  of  great  general  value  can  also  be  secured  by 
a  study  of  results  of  seed  distribution.  The  benefits  obtained  from 
a  mere  change  of  seed  from  one  climate  to  another,  or  from  one  kind 
of  soil  to  another,  are  sometimes  very  marked.  The  records  of  the 
Department  show  that  on  farms  where  the  wheat  crop,  from  an  aver- 
age of  24  bushels  per  acre,  luis  gradually  diminished  to  20  bushels  or 
less  per  acre,  a  change  of  seed  again  run  up  the  crop  to  its  former 
average  maximum  yield,  thus  indicating  that  a  diminishing  produc- 
tion is  not  always  attributable  to  soil  deterioration  alone,  and  that  a 
systematic  rotation  of  seed  exchange  is  a  potent  factor  in  maintain- 
ing the  productive  capacity  of  the  soil. 

Not  the  least  of  the  benefits  resulting  from  the  introduction  of 
new  varieties  of  seed  is  the  mixed  and  varied  husbandry  made  possible 
there])V.  In  no  Department  of  the  General  Government  nas  the 
expenditure  of  so  small  a  sum  been  productive  of  as  much  good  as 
that  expended  in  the  introduction  and  dissemination  of  valuable 
seeds  and  plants. 

Nothing  can  be  more  injurious  to  the  agricultural  interests  of  the 
nation  than  the  wide  dissemination  of  imperfect  seed,  and  that  which 
is  untrue  to  name,  either  by  i)rofessional  seedsmen  or  by  the  Agri- 
cultural Doi)artment.  It  would  be  a  great  gain  for  American  farm- 
ers, truckers,  and  gardeners  if  more  seedsmen  would  exemplify  by 
their  practice  the  principle  that**  honest  dealing  is  the  only  basis 
for  permanent  prosperity." 

A  ])rominent  fact  in  connection  with  the  purchase  and  distribution 
of  seeds,  as  now  conducted  by  the  Department  of  Agriculture,  is  that 
it  has  ceased  to  receive  old  and  worthless  refuse  seeds;  for  all  those 
that  will  not  stand  the  test  to  which  they  are  now  sjrstematically 
subjected  are  promptly  rejected.  As  the  method  of  testing  the  seeds 
adopted  September,  1*885,  is  a  successful  one  in  every  essential  par- 
ticular, it  is  not  likely  that  it  will  be  discontinued,  but  that  the  sys- 
tem will  be  still  further  perfected.  The  seed-testmg  apparatus  now 
in  use  consists  of  two  heavy  block-tin  pans,  17  inciiea  in  length  by  12 
in  width  and  23  in  depth.    These  pans  axe  pavatcA  \Mi^^  aud  out. 
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Two  and  ono-eiglitli  iuclios  from  the  hottoms  of  the  pans  a  ledge 
half  a  inch  in  widtli  is  soldon^l  to  the  sides.  It  is  upon  these  that 
the  ends  of  tlio  l>rass  i-ods  rest  which  support  tlie  V-snaped  jpockets 
whicli  reach  nearly  to  the  ])()ttoms  of  the  pans.  The  brass  wires  Na 
0  size,  are  eacli  11:J  indues  in  length.  To  make  the  pockets,  take  two 
strips  of  unbleached  thin  muslm,  each  10^  by  2^  inches,  and  turn  a 
hem  seven-sixteenths  of  an  inch  on  each  and  then  stitch  the  two  pieces 
togethi^r  li  inches  f  r<jm  the  unhemmed  edge.  The  supporting  rods 
are  passed  through  the  liems  and  project  half  an  inch  beyond  the 
ends  of  the  pockets.  The  bottoms  of  the  pans  are  covered  to  the 
de[)th  of  half  an  inch  or  more  witli  water  so  that  the  lower  ed^  of 
the  pockets  come  in  contact  with  it,  and  thd  seed  is  kept  jnoist  by 
means  of  cajnllary  attracti<.)n.  Tlie  seeds  to  be  tested,  numbering 
25,  50,  or  100,  are  placed  within  the  muslin  trough  and  moistened, 
and  each  i)an  is  then  phiced  jiear  the  window  and  each  is  covered 
with  a  heavy  pane  of  phite-^lass.  The  date  the  test  is  begun  and 
closed  is  carefully  noted,  as  well  as  the  i)er  cent,  of  the  seeds  that 
have  germinated.  For  use  on  the  farm,  for  determining  the  vital- 
ity of  corn,  grass,  clover,  and  otlier  seeds,  any  comparatively  shallow 
pan  will  answer  the  purpose.  ])rovided  the  depth  of  the  ix>cket8  is 
diminished,  as  the  ends  of  the  rods  can  rest  on  the  sides  of  the  pan 
and  an  ordinary  j^ane  of  ghiss  can  l>e  ust^d  as  a  cover  to  retain  the 
proper  degree  ot  heat  and  moisture.  By  this  method  the  proper 
degree  of  ventilation  will  be  given,  and  the  side  lodges  2i  incnes 
from  the  bottom  of  the  pan  can  be  dispensed  with.  If  the  pan  is 
supplied  with  water  the  i)rants  will  continue  to  gi'ow,  and  the  p^- 
ets  tlirough  whicjh  the  roots  will  have  i)enetrated,  can,  after  the  wireB 
are  withdrawn,  be  subdivided  with  a  pair  of  scissors  and  the  plants 
be  transplanted  with  tht)  pieces  of  cloth,  and  their  growth  will  there- 
after be  Yupid  and  continuous  if  the  season  and  the  necessary  con- 
ditions are  at  all  favorable^  By  this  nuithod  not  only  can  the  pur- 
chase of  worthless  seeds  be  obviated,  but  if  already  purchased  the 
proi)er  amount  of  grass  and  other  seeds  to  sow  to  the  acre  maybe 
definitely  determined  even  though  one-quarter  or  one-third  of  the 
seed  possesses  no  vitality  whatever. 

It  IS  believed  by  many  progressive  agriculturists  in  this  coimtry 
that  the  tinu^  lias  arrived  for  establishing  what  are  termed  seed-ex* 
amination  stations.  These  stations  are  needed  fully  as  much  as  thoee 
for  fertilizers,  st^veral  of  the  latter  of  which  are  now  doing  excellent 
work  in  connection  with  various  agricultural  colleges  located  in  States 
where  c(miniercial  fertilizers  inv,  being  generally  used.  The  con- 
stantly increasing  amount  of  adulteration  that  is  being  practiced, 
especially  in  grass,  clove^r,  and  other  field  seeds,  had  created  a 
pressing\l(^mand  for  them.  Thc^  losses  which  annually  accrue  to 
the  agriculturists  from  the  use*  of  poor  or  nearly  woiiihless  seeds  are 
greatly  unden'stiiuatcd,  and  would,  if  aggregated,  annually  amount 
to  many  hundi*eds  of  thousands  of  dollars.  The  failure  to  obtain 
a  good  •"(•atch"'  ov  ** stand"  is  almost  invariably  attributed  to  the 
season  or  other  cimscs  instead  of  the  real  one,  that  of  too  large  a 
l)ro])()rtion  of  worthless  seed,  (lood  seed,  good  soil,  and  good  Cld- 
tivation  are  essential  elements  if  success  in  farming  or  gardening  is 
to  be  attained. 

No  State  should  bi^  without  its  seed-examination  station,  which 
should,  in  connection  with  the  experiment  station,  take  up  this 
sjjecial  line  of  work  and  carry  it  forward.  Seedsmen  would  be  ben- 
efited, and  the  wise  agriculturist  would,  when  he  has  occasion  to 


SEED    DIVISION.  651 

piircha.se  seed,  buy  only  from  seedsmen  who  are  interested  in  the 
success  of  this  onterjn'ise,  or  who  are  willing  to  have  the  seed  which 
is  grown  or  hjindled  ])y  them  impartially  tested  by  acknowledged  ex- 
ports before  a  sale  is  made. 

A  seed-control  station  of  this  kind  was  established  in  Austria  in 
18cS0.  It  is  now  under  the  direct  sui)erintendence  of  the  Agricult- 
ural Society  of  Vienna,  and  the  scope  of  its  work  has  been  enlarged 
by  adding  to  the  control  of  seeds  the  additional  scientific  work  of 
(h^tenniiiiiig  tlie  feeding  value  of  various  feeding  substances  and 
otlu^r  scientiilc  work  of  similar  character.  The  examination  of  seed 
liad  bncome  a  necessity  on  account  of  the  increased  tendency  on  the 
part  of  unscrupulous  seedsmen  and  seed-growers  to  adulterate  fresh 
seed  with  that  which  was  old  and  worthless.  A  small  per  cent,  of 
impure  seeds  means  very  many  in  a  bushel. 

As  soon  as  tlie  Vienna  Seed  Control  Station  began  the  examina- 
tion and  tlionnigh  test  of  the  samples  received  from  various  growers 
an<l  dealers  it  became  apparent  to  the  leading  seedsmen  that  the 
proper  course  for  them  to  pursue  was  to  sell  only  such  seeds  as  had 
been  analyzed  l)y  the  station.  The  seeds  to  bo  tested  are  numbered 
1,  2,  3,  4,  etc.,  and  are  forwarded  by  the  purchaser  to  the  station, 
the  name  of  the  grower  or  of  tlie  seedsman  being  withheld  from  the 
managers  of  the  station.  If  the  seeds  have  more  than  a  certain  per 
cent,  of  weed  seeds,  or  if  less  than  a  given  per  cent:  of  the  varie- 
ties t(^sted  germinate,  the  buyer  can  return  the  seeds  to  the  party 
from  whom  he  received  them  and  have  the  purchase  money  re- 
funded. Many  of  the  most  reliable  sc^edsmen  from  other  c(mntries 
hav(^  alrea<ly  opened  correspondence  with  the  superintendent  of  the 
Vienna  Seed  Control  Station. 


CONDENSED  KEPORTS  FROM  CORRESPONDENTS. 

ALvVBAMA. 

Corn. — The  AVhito  Gijint  Noriiiandy  matured  early  and  was  equal  to  if  not 
superior  to  any  that  lias  been  raised  in  this  State.  Tlie  Cliamplon  White  Pearl  is 
a  treneral  favorite. 

Oats. — We  need  a  rust-proof  variety  for  this  climate,  yet  the  Bur|)ee'8  Welcome 
liaslx'en  suc-eessfuUy  raisetl  in  the  nortliern  part  of  the  State. 

]Vlicat. — Very  little  whc^at  is  raise<l  in  Alahama  as  it  is  liable  to  be  injured  by  rust. 
Tlie  Fulc^aster  has  proved  to  be  one  of  the  best  varieties  for  general  cultivation  re- 
cently introduced. 

Ti'osinfe. — Grew  finely  and  is  an  excellent  fodder  plant,  and  its  popi^rity  is  on 
the  increase.  ^ 

Kaffir  com. — Is  a  drouLcht  "  detier:"  it  is  very  vigorous  and  yields  abundantly. 

Tobacco. — Havana  has  proved  a  valuable  variety  In  the  southern  part  of  the  State, 
and  in  exceptional  localitien  throughout  the  State. 

Vtiic tables. — All  varieties  of  vegetables  thrive  hei^.  The  time  of  planting  varies 
somewhat  with  tlie  season.  There  is  a  growing  demand  for  early  varieties.  The 
best  vegetable's  raised  here  are  from  tlie  &partment  seed,  which  rarely  if  ever  fail 
to  ^eniiiniit*'.  Anioni;  the  many  that  are  e8i)ecially  successful  are  the  Long  Dark 
H1o<mI  lieet.  which  is  particularly  commended  as  ^ei*y  fine  and  of  delicious  flavor. 
Some  of  Kolb's  (Jem  Water-melons  weighed  40  poundaeach'. 

AUKiVl^c^^VS. 
(or//.— The  White  Oiant  Normandv  ar.  i         ..t^jiiuv>\oTv\V\\\^PeaT\  matured  three 
weeks  earlier  than  comimm  corn,  with  ^     ^^^^    \i\^  tTO\v\\iot\v  v«r\©t\es.    The  Pride 
of  the  North  is  rei)orted  as  iK^ing  50  i^^jr"  %e  Y^l^te*  ^^«^  ^'^'^^^  varvetiea  under  the 

same  circumstances.  ^^tV^» 
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Cotton, — Peterkin's  Improved  made  the  best  cotton,  -while  Kind's  Improved  pro- 
duced a  larger  yield  of  suwrior  qiiiility  and  resisted  drought  better  than  other  yi- 
rieties  tried.    Shinea'  Early  Ihvjlilic  is  repf.)rted  as  Ix^ing  very  early  and  productiTe. 

Clover, — ^Alfalfa  grow  to  tlie  lioight  of  15  inclies;  the  dry  weather  continued  iistil 
the  last  of  December;  after  two  weeks  of  warm  weather  the  clover  again  started 
and  grew  vigorously. 

Teoainte. — The  foliage  is  abundant  and  it  resists  the  drought  well. 

Tobacco, — The  Whitt  imd  the  Orincx:o  are  both  well  adapted  to  this  section;  the 
Orinoco  more  nearly  rosonibles  the  proilucts  of  tlie  tobacco  regions  of  Virginia  and 
North  Carolina  than  any  other  varieties  tried  in  this  State.  The  Sumatra  is  reported 
as  having  yielded  1,500  pounds  of  extra  quality. 

Grasses, — Tlie  Johnson  was  not  cut  until  October;  it  reached  a  height  of  6  feet 

Sorghum, — One-half  acre  planted  witli  the  Eaily  Orange  without  manure  or  fe^ 
tilizer  made  90^  gallons  of  extra  siru]).  Three-fourtlis  of  the  molasses  made  in 
White  County  tliis  vear  was  made  from  Department  seed. 

Vegetables, — Gardenhig  here  begins  in  February  and  March.  Among  the  vege- 
tables reported  as  giving  line  results  are  the  Improved  Red  Valentine  Bean,  Ediue 
Beet,  Sure  Head  Cabljage,  Early  Chavigne  Lettuce,  and  Beaumont's  Wonder 
Water-melon. 

CALn^ORNIA. 

Com, — Only  the  early  varieties  of  com  mature  in  the  northern  part  of  Calif omia. 
In  the  southern  i)art  it  yields  an  abundant  crop.  The  chief  grains  in  the  northern 
section  of  the  Stite  are  barley,  oats,  and  eight-rowed  com. 

Oats, — Hargett's  White  has  been  verj-  suct-essfully  iidsed  from  seed  sent  out  by  the 
Department. 

Kaffir  Corn, — Was  cut  tlu*ee  times,  notwithstanding  the  drought.  It  produced  a 
great  abundance  of  green  fodder  tuul  a  gi'cat  quantity  of  seed.  It  is  one  of  the  most 
valuable  forage j)lants  ever  intnxluctMl  In  re.  both  fo<lder  and  graui. 

Ve^jetables. — The  Chino  Valley  Champi<m  «iys:  "Among  tlie  really  good  water- 
melons received  from  the  Dej>ariment  of  Agi-iciiltiu-e  is  the  Kolb's  Gem.  It  is  quite 
large,  with  yellow  core  and  dark  seeds.  It  is  crisp  and  of  delicious  flavor.  Kipe 
ones  were  plucked  about  the  last  of  July,  and  a  secoud  crop  was  produced  after  that 
The  vines  received  no  water  and  tliere  was  no  rain  after  that  which  fell  in  the  spring. 
Summer  Marrow  Squjishes,  on  exhibit  ion  ai  tlie  chanilH.T  of  commerce,  at  San 
Diego,  were  considered  tlie  In'st  ever  pn.Khu.ed  in  tliis  section.'' 

COLORADO. 

Com. — Pride  of  tlie  North  has  been  cultivated  with  great  success  in  the  south- 
western part  of  the  State,  and  matured  earlier  than  otliei*  varieties  tested. 

Oats. — Buri)ee's  "Welcoiu**  is  a  very  rapiil  grower:  the  heads  were  full.  This 
variety  is  free  from  rust  and  is  adapted  to  the  southwest. 

Sorghutn, — The  Chinese  varivty  is  well  adapted  to  this  part  of  the  State. 

Kaffir  Corn. — Made  a  growth  of  alK)ut  5  feet  and  withst<x)d  the  drought  well. 

Vegetables, — The  Sugar  Beet  did  very  well.  The  larger  the  seed,  the  larger  the 
beet.  Some  seeds  were  selec-ted  for  size  and  i)r(^(Uu'ed  l>eets  tliat  averaged  12i 
pounds,  a  few  wei^hin^  20  |)ounds.  The  l)eets  iwoduce^l  from  the  smaller  seed 
planted  separately  weighed  from  3  to  5  jHjunds.  Tlie  Hungarian  water-melons  were 
of  very  su||erior  quality. 

DAKOTA. 

Corn, — From  1  quart  of  h<xm1  of  the  Pride  of  the  North  were  raised  8  bushels  18 
pounds  of  good  sound  corn,  «'nnugh  to  i)lant  25  acres  this  year. 

Oats. — Burpee's  Welconu?  sown  in  the  central  part  of  the  State  made  a  veiylaige 
yield;  it  matures  early  and  has  full  heads  and  plump  stalk.  Hargett's  White  also 
gave  satisfaction. 

W/ieat  (spring). — Tlie  White  Beardless  grows  vigorously.  The  leaves  are  lone  and 
broad;  15  stalks  are  frequently  develojxjd  from  one  grain,  and  each  head  conteSung 
33  plump  grains. 

Clover, — Alfalfa  grew  from  12  to  IH  inches  in  height;  it  did  not  winter-kill  like 
other  clovers.  Orchard  Grass  is  also  well  adapttnl  to  the  soil  of  Dakota;  it  lived 
through  the  winter;  both  varieties  a])pear  to  1x3  just  what  Dakota  needs. 

Sorghum. — The  Early  Amlnir  made  a  remarkable  growth,  measuring  Arom  9 to  12 
feet  in  height,  and  produced  1  gallon  of  lieautif ul  auiber-colored  sirup  to  8  ^flSl 
of  juice. 
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* 
Vegetables.— Thoee  raised  from  Department  seed  weare  very  fine.    Some  were  sent 

to  the  Territorial  fair  at  Mitchell,  and  after  the  fair  were  shipped  to  Boston,  Mass., 

to  give  Dakota  a  boom. 
The  All  Seasons  Cabbage  were  very  large  and  solid,  some  wel^^hing  22  pounds. 

The  Alaska  Pea  was  a  general  favorite. 

FLORIDA. 

Oo7*n.— The  White  Giant  Normandy  is  very  valuable  for  the  northwestern  part  of 
the  State,  and  proved  an  excellent  variety  for  general  cultivation,  and  is  good  botti 
for  field  and  table. 

CTover.— The  Alfalfa  was  sown  in  rather  light  sandy  pine  land,  but  did  remark- 
ably well.    It  is  a  success  in  this  sandy  country. 

Tecmnte.— It  should  be  planted  early  in  March  and  well  fertilise.  It  will  no 
doubt  lead  as  a  forage  plant.  Stock  like  it  better  than  millet.  Hie  blades  are  more 
numerous  than  on  com  and  are  both  broader  and  larger  than  those  of  the  latter. 
An  acre  of  teosinte  will  contain  as  manv  hills  as  an  acre  of  corn;  two  seeds  may  be 
planted  in  a  hill  and  from  each  seed  will  spring  from  ten  to  twenty  stalks. 

Cotton, — Peterkin's  Improved,  even  wheire  no  fertilizer  was  used,  made  800  pounds 
per  acre.    It  is  an  excellent  varie^. 

To2)acco.— The  reports  from  Florida  are  hk^hlv  satisfactcnr.  Sumatra  leads  some- 
what and  is  represented  as  being  a  very  valnable  crop,  vuelta  Abajo  is  another 
favorite,  possessing  in  a  marked  degree  the  fine  fiavor  of  Cuba  tobacco,  and  yield- 
ing from  oOO  to  1 ,000  poimds  per  acre.  Improved  Havana  proved  of  excellent  qual- 
ity and  largevield,  the  leaf  when  drawn  tnrough  the  hand  having  the  "  fM"  of  a 
kid  glove.  The  Persian  and  the  Cienfuegos  varieties,  with  the  exception  of  those 
named,  are  the  most  promising.  A  correspondent  from  southern  Florida  gives  as 
his  experience  the  fact  that  seed  in  this  latitude  may  be  sown  at  any  season  of  the 
year,  provided  it  is  shaded  when  the  sun  shines  very  hot.  If  one  hajipens  to  have 
plants  ready  to  set  out  immediately  after  the  dose  of  the  rainy  season,  about  the 
time  of  the  autumnal  equinox,  a  good  crop  can  be  made  in  the  f alL  Ana  he  further 
states  that  he  has  had  plants  ripened  and  cut  at  Christmas. 

Vegetables, — ^Winter  and  sprmg  ve^tables  form  two  classes  in  this  State.  Hie 
early  crop  is  increasing  with  tne  growing  demand  for  them  from  the  Northern  States, 
owing  to  the  better  facilities  for  transportation.  All  vegetables  grown  in  the  United 
States  can  be  cultivated  here  at  some  time  during  the  year.  Among  the  varieties 
spoken  of  as  superior,  are  the  Maud  S.  Pea;  the  Alaska  and  Fill  Basket  varieties;  the 
(iolden  Rose  and  Milan  Strap  Leaf  Turnip. 

GEOBGIA. 

Com.— The  White  Giant  Normandy  is  a  most  important  addition  to  our  food  ctopw 
It  is  a  ninety-day  field  com. 

Teo^'nfe.—Produces  the  most  remarkable  growth  of  any  plant  known  in  tfaii 
locality. 

Kamr  Com,—JB  a  superior  grain  and  forage  plant. 

Cordon.— Cherry's  Long  Staple  made  a  ^;ooa  orop.  Jim  saperiority  oonfllsted  in  its 
long,  fine  fiber,  just  the  need  of  this  secUon. 

Sorghum,— The  most  productive  eorAiam  for  this  sectioii  Is  the  Qooaa  Nedk. 
It  is  late  in  maturing,  but  in  quality  andquantity  is  fkr  superior  to  the  others;  the 
sirup  resembles  the  West  India  cane.  When  well  matared,  6  gallons  of  juioe  wiU 
make  1  of  sirup. 

To&acco.— Imported  Havana,  Sumatra,  and  Vueli»  Abajo  am  all  well  adapted  to 
the  southeastern  part  of  the  State,  and  uie  flavor  and  aroma  am  r^wrted  as  being 
equal  to  tliose  of  the  genuine  Cuba. 

Fe^etoNe^.— There  has  been  much  improyement  in  this  aeotkm  in  gurdeinhig 
within  ten  or  fifteen  years,  and  it  is  without  doubt  laiggh^doe  to  the  distnbiition  of 
seeds  from  the  Department.  The  Beaumtinfs Wonder  water-melon  produoed  aome 
fruit  weiehing  over  50  pounds.  All  Seasons  CablMiflS  gave  great  aatiaactioin,  as  they 
withstood  alternate  fioods  of  rain  and  the  extreine  neat  odf  the  son. 

ILUNOia 

Corn.— The  Golden  Beauts  wiUmxive  a  vahiable  crop  in  Ibkaecli^  InqoaUtylt 
will  rank  100.    The  White  Giant  Normandy  tnnfawi  an  IminwiaB  gronrtlL 

Oats,— In  the  west  central  part  of  nUnoia  Uw  Bosp^^'^^^''^^"^'^'^  cultivated 
with  great  sucoeas. 
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WJieat, — Sibley's  New  Gol(l<»n  stood  tlie  winter  well,  came  out  evenly  and  pro- 
duced Kootl  grain,  with  stilT,  rrtH^t  straw.  Three-fourths  of  an  acre  sown  with  iiw- 
ijuin  Eiii|>er<)r  yi<'l(k»<l  2S  l)iish«.'ls  of  ^ood  p^i'ain. 

Soryhum, — Tlitf  Early  Omnge  is  reportt'd  aa  Hui)erior  in  quantity  and  quali^  to 
the  Early  Amber.  A  correspondt-nt  from  this  State  writes,  **5  acix»  of  soigham 
(sugar  can(»)  will  yield  as  mueli  succulent  feed  for  stock  as  5  acres  of  beets,  with  not 
one-tenth  of  the  labor  in  raising  or  pn^jwiration." 

Tolxicco. — Re]>orts  from  tliis  St^ite  an?  higldy  satisfaetorv.  Orinoco  and  Sumatra 
germuiated  95  per  cent,  of  tht?  seed.  The  yield  in  the  southern  part  of  the  State  was 
large  juid  the  qualitv  excelleuL. 

VeijeinbJes. — The  V<«How  (i1o!m»  Danvers  Onion.  th<^  Sure  Hoatl  Cahbai^,  theCoiy 
Corn,  the  Nichols  Medium  (Jreen  Cucumber,  the  Tii^auty  Tomato,  tlie  Rural  New 
Yorker,  the  litnl  Valentin<»  Hcan,  ami  tlu?  ^laud  S.  IVos  were  all  very  prodnctive 
and  well  wiU'thy  of  cultivation. 

INDIANA. 

Con?. — The  (liami^ion  White  Pearl  is  one  of  the}>est  variotiea  recently  Introdnced. 
The  (Jnlden  U(»auty  is  a  vigorous  an<l  j)rn(bicii\ .»  variety.  It  sh«»uld  l>e  planted earhr 
in  tho  central  pait  of  thi»  State. 

Of/ /••<.- -Tin*  iUn'i)ee*s  Welej.iue  has  a  stiff  straw,  and  the  lieadw  are  Ixithlaige 
and  long.  The  yield- wjui  heavy  and  the  quality  KUin^rior  to  any  growi  in  this  ti- 
cinity. 

Whent. — Martin's  Aml)er  yielded  a  fine  crop  of  nice,  clean  wheat.  The  Oennas 
EnijH^ror  ripened  early,  sttwxl  well,  find  was  frt»e  from  rust.  It  in  well  adapted  to 
the  climate  and  soil  of  central  Indiana.  One  (piart  of  Sibley's  Now  (ilolden  prodnced 
one  bushel  of  plum[),  hard  grain,  and  the  straw  was  stitt  and  straight.  The  Good 
proiluced  ilne,  plump,  hrird  grain,  anti  is  not  disjKised  to  ruHt. 

Strnjlnun, — The  Early  Am1>er  is  a  gn^at  acquisition  and  is  considered  theftneflt 
raiH(»d  here. 

ToIhwco. — Sumatra  is  rei)orted  as  Inking  the  finest  variety  ever  raise^l  in  RoutheMt 
Indiana. 


of  quick  and  large  growth,  and  was  verv  satisfactory.     The  seeils  received  flrom  the 
Department  were  invariably  line,  and  all  gerniinateil  well. 


IOWA. 

Corn. — Tlie  Angel  of  Midniglit  is  a  very  earlv  variety;  it  matures  in  ninety  days;  it 
Is  lianly  and  yielded  45  bushels  to  the  acre.  I'he  Champion  White  Pearl  yieldied  at 
the  rate  of  alnnit  HO  bushels  tn  the  acres 

Wlieat. — Mil rtin's  Amber  is  a  very  j)r{,mising  variety  in  the  northeastern  part  of 
the  State.  Siblev's  New  Oolden  did"  very  well,  while  all  other  wheats  were  winter- 
killed. 

Sorghmn. — The  Earlv  Amber  is  a  great  ac<iuisitlon,  the  best  variety  in  this  part 
of  the  State.     The  Earfy  Orange  also  dt'K^s  w(»ll  here. 

Tobacco. — The  White  Burlev  is  considere*!  a  good  variety,  but  tobacco  is  raised 
principally  for  honu*  conKum[)tion.  Farmers  know  little  of  the  process  of  curing  or 
handling. 

Vcgetn''hs. — Stabler's  Early  ( V>rn  is  Ji  valuable  ac<iuisltion.  Tlie  Maud  S.  Pea  is  of 
excellent  (piality:  the  yi<4d  was  immense.  Of  the  tomatoes  the  Selected  Trophy 
took  tlip  lead.  All  Seasons  Cabbage  is  a  very  fine  variety.  The  Maltese  Paxsnip 
prove<l  to  be  tine  and  largi\  TIh^  Hungarian*  Honey  Water-melon  was  vwy  luge 
and  of  excellent  ilavor. 

KANSAS. 

Corn. — The  Pride  of  the  North  will  prove  a  valuable  field  com  for  Kansas,  be- 
cause ordinarily  it  will  ri|XMi  before  the  dry  season,  which  is  at  its  height  about  Au- 
gust 15. 

0(1  fa. — The  Ihirpee's  WeK'ome  yields  from  95  to  KM)  biu<hels  per  acre,  and  has  been 
known  to  yield  110  bushels  to  thi'  acre. 

Tr//f-(f/.— The  (Jerman  EmjH'ror  vielded  42  bushels  per  acre:  the  quality  was  soft 
and  fair,  ranking  No.  1  with  millers.  It  rcMiuin»s  a  rich,  heavv  bM,  The  flat 
lK)ttom  lands  of  Kansiis  will  ])rotliici'  from  t*5  to  40  bushels  per  acre  for  ten 
crops.    The  German  Emi>eror  stands  the  winter  well. 
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Clover. — Alfalfa  made  a  fine  growth  in  spite  of  drought,  and  it  Is  a  TalnaUe  for- 
age plant  for  Kansas.    Alsike  does  remaricably  well  in  northwestern  Kanaaa. 

Kaffir  Ciira  inakoH  an  abua<lance  of  fine  feed.  Hogn  and  cattle  both  eat  it  clean, 
stalks  and  all.  When  it  is  from  2  to  8  feet  high,  by  cutting  ilTolose  to  the  ground 
it  will  stool  out  like  cane  ^dproduce  from  4  to  7  snoots. 

Orass, — The  English  Blue-Grass  did  finely  for  grasing;  it  stands  the  winter  well 
and  makes  a  fine  lawn  grass. 

Somhum. — The  Orange  yielded  180  gallons  of  the  best  quality  of  sirup  to  the  acre. 
Thf'  (liincse  Cane  yielded  well,  and  the  sirup  was  preferred  by  some  io  that  made 
from  otlier  v^irioties.    Tlio  sirup  received  first  premram  at  the  comity  fair. 

Vegetables. — The  Hackensact  Musk-melon  was  the  best  of  five  Tarietiee.  The 
Olivo-Shai^etl  Radish  was  crisp  and  delicious,  tlie  Maud  8.,  Harrisoii  Glory,  and 
the  Alaska  Peas  proved  to  \je  most  desirable  acquisitions ;  too  much  can  not  be  said 
ill  their  favor.  The  Odella  Water-melon  yieldra  two  crops;  many  erf  them  weighed 
40  to  tW  pounds  each. 

KENTUCKY. 

Oats. — Tlie  Burpee's  Welcome  do  very  well  in  Kentucky. 

Wheat. — The  Good  is  a  superior  %-anety:  it  is  clear  of  rust  and  stands  up  well; 
produces  a  large-sized,  weU-developed  grain. 

Sorghum. — The  Chinese  Cane  is  an  excellent  variety,  and  although  planted  late  it 
reached  the  enormous  height  of  15  and  10  feet.  It  was  used  enturely  for  feeding 
stock. 

Vegetables. — ^Tlie  Alaska  was  very  fine  and  particularly  free  from  the  obnoxioiiB 
bugs  that  too  often  infest  tlie  pea.  The  Sutton  Gem  Lettuce  was  a  great  suooees; 
the  Olive-Shaped  Radish  made  an  "extra  yield,  being  very  crisp  and  fine. 

LOUISIANA. 

Cotton. — Jeff  Well)om's  Pet  is  an  excellent  variety,  fruits  well,  and  matures  thirty 
days  earlier  tlian  most  of  the  varieties  grown  here. 

Tobaeeo. — The  White  Biirley  has  been  raised  successfully,  having  3rielded  1,000 
pounds  to  tlie  acre.  Mucli  more  attention  is  given  tp  cotton  than  to  tobacco,  but  it 
IS  thought  much  more  will  be  given  to  tlie  culture  of  tobacco  next  year. 

Vegetabk.H.— Garden  vegetables  are  usually  planted  during  February  and  Match. 
Tlie  finest  vegetables  raised  this  season  were  from  seed  obtained  from  the  Dmrt- 
nient  of  Agriculture.  The  varieties  were:  Case-Knife  Beans,  Sure  Head  Calmage, 
Early  Blood  Turnip  Beet,  and  Early  Trophy  Tomata 

I 

MAINE. 

Oafs.— Hargett's  V^liite  is  reported  as  the  best  nown  in  this  seotkm.  The 
stalks  attained  a  height  of  5  feet  8  inches.  Hie  grain  nefore  thrashing  wei|B^hed  100 
pounds.  The  net  weight  of  the  thrashed  grain,  41^  pounds.  This  was  tiie  prodoot 
of  50  stalks. 

Kaffir  Corn,— Is  considered  the  best  for  fodder  of  any  tried  in  this  State. 

Vegetables.— The  Royal  Dwarf  Cranberry  Bean,  Buxtridge^ft  Edipee  Pea,  and  the 
Danvers  Silver-Skiu  Onion  })roduoed  well  and  were  of  fine  quality.  The  Viofeoria 
Lettuce  lasted  three  months. 

MARYLAND. 

Corn.— The  Golden  Beauty  is  considered  to  be  weU  adapted  for  general  cultivatioii. 
The  White  Giant  Normandy  proved  very  viMOoa. 

Oafs.— Hargett's  White  are  Na  1  in  quantity  and  qoality. 

Wheat.— From  1  quart  of  Sibley's  New  Oolden  seed  tiie  yield  was  79  pounds  of 
clean  wheat.  Tlie  straw  is  stiff  and  is  entirely  free  from  rust.  The  grain  is  laige» 
prime  in  quality,  and  of  a  dear  amber  oolor.  The  Good  was  very  suooessfitl  in 
nortliern  Maryland.  It  is  reported  as  being  very  satisfactoiy  and  tiiB  earliost  vsdrieliy 
yet  tested. 

Tb^aoco.— The  White  Stem  Orinooo  made  a  lai^e  yield  of  Una  and  silky  quality. 
The  Deli  Sumatra  is  raised  here  to  perfection.  iMkbeDn  cnrsa  nk)^  and  has  an  ex- 
ceeilinglv  pleasant  odor. 

Vegetable^.— The  Maud  a  Peas  were  No,  1  lA  qpsttfcy*  "vrtidi  9wd  yield*    Tha 
Giiiiit  Onions  wore  verv  fine:  the  Eclipse  BoaI;  irrevvWigft  and  was  esily  and  tender. 
The  Early  Red  Valentme  Bean»  theAU  QT^^Qt^ii^i^  mAI^ 
all  excellent  varieties.  — ^^w»^ 
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MICHIGAN. 

Com, — The  Eight-Rowed  Canada  yielded  90  bushels  to  tlie  acre  in  the  soutlieastem 
part  of  the  State. 

Oats, — Hargett's  White  is  the  earliest  variety  in  this  section.  The  berry  is  Tay 
phimp,  the  straw  stands  up  well,  and  yields  at  the  rate  of  62^^  bushels  clean  oats  to 
the  acre. 

Wheat, — The  German  Emperor  proved  to  be  of  good  quality,  the  straw  being  stiff 
and  free  from  rust,  and  the  grain  was  plump  and  of  No.  1  quality. 

Clover, — Alfalfa  does  well  here. 

Orass, — The  EInglish  Blue  Grass  made  a  very  fine  growtli  for  the  first  year*8  plant- 
ing, 

^Vegetables, — Tlie  Sure  Head  Cabbage  weighed  from  25  to  80  pounds.  The  Alaska 
Pea  yielded  thirty  times  the  amount  of  the  seed  planted,  and  is  a  choice  variety. 
The  Eclii)se  Beet  is  one  of  the  best  for  northwest  Michigan.  The  season  in  t£e 
northern  part  of  the  State  is  short,  but  vegetables  mature  quickly. 

MINNESOTA. 

Com, — The  Angel  of  Midnight  yielded  well  and  is  regarded  as  being  a  very  desira- 
ble sort. 

WJieat, — The  German  Emperor  in  the  southern  part  of  the  State  has  given  satis- 
faction. Tlie  straw  was  strong  and  stiff,  did  not  rust,  and  the  quality  of  the  grain 
was  good. 

Vegetables.— At  the  county  fair  at  Glenwood  the  display  of  vegetables  was  equal 
to  any  shown  in  the  State,  a  large  part  of  which  was  raised  from  Department  seed. 
Tlie  Snowball  Turnips  exhibited  were  very  early,  vigorous,  and  excellent.  The 
Nichols  Medium  Green  Cucumber  proved  to  be  one  of  the  best  varieties  grown 
here.    The  Alaska  Pea  was  very  sweet,  and  had  a  large  niunber  of  peas  in  the  pod. 

MISSISSIPPI. 

Com.— The  White  Giant  Normandy  is  a  favorite  stock  com  in  this  State.  It  is 
very  early,  and  for  this  reason  very  valuable  in  dry  seasons. 

Teosinte. — Affords  a  wonderful  amount  of  foliage  and  can  be  cut  twice  during 
the  season  in  this  locality. 

Kaffir  Com, — Made  a  fine  gro^vth;  it  has  proved  a  fine  success  and  will  be  a  benefit 
to  the  communitv. 

Cotton. — The  Maxey  is  the  heaviest  cropper  we  have  in  this  section,  notwith- 
standing it  has  a  medium  boll,  but  it  is  long-umbed,  fruits  close,  and  has  small  seed. 
The  Taylor  made  2,740  pounds  per  acre,  without  fertilizers. 

Tobacco, — Spanish  Hybrid  and  Orinoco  are  perfectlv  at  home  in  southeastern  Mis- 
sissippi. Tobacco  woul(l  pay  as  well  here  as  cotton  if  tnere  were  experienced  laborers 
and  manufacturers. 

Fe^€/a6/cs. —Tailby's  Hybrid  Cucumber  is  well  adapted  to  this  section  (northeast); 
its  yield  was  simply  enormous,  and  its  quality  can  not  be  excelled.  The  Elarly  Bed 
Valentine  Bean  was  ten  days  earlier  than  other  varieties,  the  yield  beingvery  abun- 
dant and  the  quality  very  good.  The  Milan  Strap  Leaf  and  the  Purple  Top  Miinich 
Pumips  grew  to  an  immense  size. 

MISSOURI. 

Jorn,— The  White  Giant  Normandy  produced  splendid  com,  well  worthy  of  dis- 
xibution.    Tlie  Pride  of  the  North  ripened  in  ninety  days,  and  is  a  good  variety. 
lats. — Hargett's  White  yielded  well  and  the  grams  were  as  large  again  as  those 

•  »ginally  planted. 

Vheat. — The  Good  yielded  well  and  the  grain  was  of  excellent  quality.    Mar- 
k's Amber  also  did  well, 
yor^/mw.— The  Early  Amber  is  considered  the  best  variety  for  this  locality,  both 

•  qu^ty  and  quantity.    The  Orange  also  yielded  well. 

Tobacco. — The  Spanish  Hybrid  and  Deli  Simiatra  are  both  well  adapted  to  this 
Mcality.  Tlie  Imported  Havana  yielded  at  the  rate  of  1,000  or  1,200  pounds  to  the 
••»-e.    The  White  Burley  and  White  Stem  Orinoco  also  made  good  yields  and  were 

•  Ine  quality. 

^y ^fables     'T'he  Victoria  I  -^ttuce  was  very  fine,  vOTy  tender,  and  sweet:  the  Saze 
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Alaska  Pea  made  an  excellent  crop.    Tbo  Qolden  Sweet  Gom  took  the  first  premium 
at  the  Linn  County  Fair.    All  the  seed  Besit  by  the  Department  has  beoi  highly 

prized  here. 

ITEBRASKA. 

Com.— The  Ei^ht-Rowed  Canada  did  well;  developed  a  well-filled  ear.  Hie  Cham- 
pion White  Pearl  was  remarkably  early  and  provea  a  g^ood  com  for  a  ffen^ul  crop 
m  northern  Nebraska.    The  Pride  of  title  NoftM  sapfi^ies  a  great  need  m  Nebraska. 

Oafs.— The  Burpee*s  Welcome  is  the  best  Tariety  ever  introduced  into  this  country. 
It  ripened  fully  a  week  earlier  than  the  common  white. 

Clover,— The  Mammoth  dovor  did  finely;  it  made  a  good  stand,  notwithstanding 
the  drought.    It  made  a  good  crop  of  hay,  being  cut  when  it  was  2  feet  in  heiglit. 

G^ro^.— The  English  Blue  Ghrass  germinated  well,  made  a  good  growth,  and  stood 
the  drought  wolL 

Sorghum.— The  Early  Orange  grew  well,  and  reached  the  height  of  8  to  18  feet; 
it  is  reported  as  having  yielded  more  juice  than  any  other  vartety  worked  at  ihe 
mills  this  season.  It  is  no  trouble  to  ruse  here,  as  it  wiU  grow  on  any  soil  that  vdU 
grow  com.  The  Early  Amber  made  a  great  success  in  this  State.  The  Chinese 
made  a  superior  sirup. 

Vegetdbles.-This  is  a  fine  country  for  vegetables.  Hie  Early  Snowball  Tuniip, 
Imperial  Sugar  Beet,  Dutch  Case-EJiife  Bean,  Maud  S.  Pteas,  Cory  Com,  and  Early 
Red  Valentine  Bean  appear  to  be  among  the  choice  varieties. 

NEW  HAMPSHIBEc 

Oa^8.— Ha^ett's  White  is  very  hardy,  and  ykld  and  quatt^  unexcelled. 

GrcLsses.-The  most  desirable  grasses  are  llmothy,  Clover,  Ked-Top,  and  Orchard. 

Vegetables. — Tailby's  Hybrid  Cucumber  was  an  excdlent  variety.  The  Early  Red 
Valentine  Beans  were  lusurpassed,  and  were  sweet  and  tender.  Hie  Fatty  Pan 
Squash  was  a  very  prolific  variety  and  of  excellent  quality.  The  Rural  New  Yorkor 
Pea  did  very  well,  and  was  a  week  in  advance  of  other  varieties. 

NEW  JERSEY.  « 

Clover. — The  Egyptian  produces  a  somewhat  larger  yield  to  the  acre  than  the 
common  clover;  tnere  is  no  doubt  that  it  will  stand  our  winters.  If  thk  clover 
grows  to  the  height  of  3  or  4  feet  in  Egypt  it  must  be  because  the  climate  is  more 
suitable.  It  was  something  of  a  (tisappointment  not  to  get  something  nearer  to 
what  is  grown  on  the  banks  of  the  Nile. 

Vegetahles.-The  Sure  Head  Cabbage  grew  welL  The  Cocy  o<»n  proved  very 
satisfactory ,  being  very  large  and  free  from  worms.  The  ijgypiian  Sweet  Cotn  was 
very  sweet  and  prolific. 

NEW  YORK. 

Cor7t.'-»The  Eight-Rowed  Canada  is  well  adapted  to  the  east  ocntral  part  of  the 
State. 

Oaf^.— The  Welcome  is  a  very  plump  variety  aod  was  eariier  than  any  other. 
Hargett's  White  proved  to  be  a  veryfine  sort.  One  root  bad  4stallDi»  the  aggregate 
number  of  grains  being  over  100.    They  ouMeld  the  Welcome. 

Wheat. — The  Oswego  Falls  Agricultural  Bocietrr  awarded  first  premium  to  Mar- 
tin's Amber.  From  1  bushel  sown  on  an  acre  of  land  were  harvested  80  bushels  of 
full,  good-sized,  plump  grains  of  beautiful  color. 

Vegetables.— The  Lavmgston  Beauty  Tomato  is  all  that  the  originator  olaims  for 
it.  The  plants  were  large  and  strong  and  loaded  with  mnob-priaed  fruit.  Hie 
^Uaska  Pea  was  pronoimced  as  unsurpassed  in  quality.  Tlie  Haniaoii*ii  Glory  Boa 
is  also  a  prolific  bearer  and  of  superior  quality.  The  i>eaooii  Lettooe  made  a  good 
yield  and  was  of  excellent  quality. 

NORTH  CAROLINA. 

JVheat.— The  Fulcaster  is  well  spoken  of  in  the  reports  from  this  State.  It  is  enr 
tirely  free  from  rust  and  the  quality  ot  the  grain  Is  good. 

Cof^on.— The  Cherrv's  Long  Staple  has  Ihited  and  tmitod  well  Shine's  Eariy 
Prolific  and  the  S.  B.  Haxey  have  given  satisfhdioou 
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VegctablcH, — Tli«  Extra  F^iirly  Kr<l  Vnlontiiie  ami  tho  IiniirDvetl  Valentine  Beani 
are  among:  tho  earliest,  yield  ai>uii(laiitly,  and  are  of  fxlra  nnc  qualit  v.  The  Maud 
S.  and  Fill  Basket  Petis  are  I'arly,  hardy,  yield  well,  and  are  of  BU|>enor  qualitj. 

OHIO. 

Corn. — Tho  Champion  White  Pearl  iinxlucod  fine  ears  and  will,  when  it  beoonM 
2iC(:limate<l,  be  a  valuable  varii>ty. 

Whfutt. — Sibley's  New  (rolilon  t(M)k  the  lirKt  premium  at  the  Hamilton  ••  Harreat 
Home''  Fair,  in  con)i>i>tition  withtht*rult/,  Martins  Amber,  Lonj^beny,  andmaoj 
othexH.  The  Riee  has  proven  a  valuable  variety  in  northern  Ohio,  llio  Fulcaat^ 
J8  also  renorted  as  not  W'inK  liable  to  winter-kill.  It  is  excellent  for  niilling  pur- 
poses and  is  a  fceneral  favorite. 

Sorghum, — The  Eiirly  OrauKo  made  a  ilne  growth;  it  waH  tall,  had  a  thrifty,  strong 
cane,  and  will  pr<.Hhi<.H.>  KM)  gallons  to  the  acre. 

ToIhicco. — The  WliitoBurley  gn)wn  in  the  central  ix>i-tion  of  tho  State;  the  Whitl 
in  the  BOuthw<»stem,  and  the  Vuelta  Aba  jo  are  grown  with  AUccess. 

Vc(fc{(thlcs. — The  viehl  of  the  Extra  Red  Valentine  Bean  won  Hiniplv  immense. 
It  matureil  quite  early,  nnd  was  t)f  good  <iuality.  The  Egyptian  Turnip  beet  proved 
a  great  suceetss.  It  yielded  well,  gi'cw  large,  and  took  tint  premium  at  thelliami 
County  Fair. 

OREGON. 

Corn. — The  Pride  f)f  th(»  North  is  Ix'tter  adanted  to  thisitoi}  and  climate  than  any 
variety  tt?bte<l.  It  ri]K'ned  six  w«'eks  iH'tore  others,  and  the  eam  were  vefy  fine  and 
lanr<3«  with  ]M»rf<t't  grains. 

OatA. — Ilargeirs  Whitt*  made  a  large  yi(*ld  of  g»KHl  quality. 

Clover. — Alfalfa  is  tlie  most  ]n*oniising  Inrage  in  this  kK'alitv.  Onecropof  about 
one-half  ton  to  the  acn^  was  etit  and  a  Si^!ond  ero])  raiscMl.  the  Mammoth  is  also 
well  ailapiwl  to  this  climate;  it  grew  to  the  height  of  alnnit  4^  ft»et  on  river-bottom 
land. 

Kaffir  Corn. — (irows  well  in  northern  Oregon  and  will  rijK^n  seed.  It  will  make 
a  larger  yield  of  fcxhh'r  than  eonmion  varieties  of  com. 

GVaA"*.— The  Tall  Fescue  {Festtwo  ehttinr)  reniaimnl  green  throughout  the  year. 
Rescue  (/?ro7?i»«N«c/»rr////';*0  grew  well.  si'f^dtHl  well,  ami  will  pn)ve  valuable  if  peien- 
nial. 

Tolmcco. — The  Vuelta  Alxi  jo  yit'l«l<Nl  al>out  1 ,000  ]H>undH  to  the  acre,  and  tlie qualitj 
wjirfgo<Kl.  The  cliniatt' and  s<*>il  of  Oregon  SiH^n  well  suited  to  the  cultivation  of 
tobacco. 

Vpffetnhirn. — Tlio  Sure  Head  ('abbnge.  Snow-kill  Turnip,  Sutton's  Gem  Lettuce, 
Early  S^'arU't  CJIoIh.'  Ra<lish,  Extra  Early  Six- WtH'ks'  1  ^ 'an  are  all  re|K>rted  as  having 
given  entire  satisfaction.  The  1  )runi-head  Cabbiiges  grew  to  l)e  of  fine  size,  having 
solid  heads,  some  of  thnn  weighing  10  jKunids  each. 

PENNSYLVANIA. 

Oafa. — TTargett's  "White  wen*  the  earliest  and  of  lK»tter  quality,  and  yielded  more 
to  th<'  acre  than  aiiv  raised  in  ea>t  <*(Mitral  PeniLsylvania. 

Whrttf.—i  )iie  and  a  ball"  joints  of  Sibh^y's  New  Golden  pr(Kluce«l  44  sheaves,  which 
tbra.-hrd  V?  busbi'ls  of  JMantifiil  wheat.'  The  st»ed  was  received  fnmi  the  JX^part- 
nient.  Tli«'  (i.'rmaii  EmiH-roniid  very  well  and  is  entirely  fn»t»  from  rust.  It  is 
the  whrat  fir  luiitral  Pennsylvania  and  can  not  Unexcelled.  It  withstood  the  win- 
ter well.  w!iil«*  sonu?  other  varietii'S  were  kilknl. 

(Ti}fii<s. — Tall  Feseur  {Fesfuot  vlatUir)  reached  a  height  of  10  inches  and  made  an 
abnnilant  <'i"<'T>. 

Ttthtirco. — Tho  Imported  and  Sta{«»  Havana  are  well  .adfti>t(Nl  tothbf  soil.  Havana 
yi«»l(is  l.noO  to  1,^S0(^  pounds  ikt  acre.  Lancaster  County,  .southeast  PemiKvlvania. 
is  the  garden  (-(anity  for  tohaceo;  from  1,0(K),(MH)  to  l,r)tH),(yOO  iMmnds  are  grown 
yearly. 

Vegetohh's. — The  Rl(H>nisdale  Spinach  is  rejwrted  as  the  iinest  ever  grown  in  this 
section.  Kolb's  ( Jem  Wator-melon  was  very  tnie.  The  l/mg  Scarlet  Short-Top  Bad- 
ish,  Orange  ( -nNini  Pumpkin.  Fill  liasket  Pea,  and  the  I^eauty  Tomato,  with  many 
other  varii^ties,  were  very  satisfactory  ui  both  yield  and  ijuality. 
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SOUTH  CABOUNA. 

Cotton. — Jower*s  Improved  is  well  adapted  to  this  dimate. 

Teosinte. — Grows  luxuriantly;  stools  or  bunches  0  feet  in  height  and  8  feet  acroii 
are  common.  When  cut  green,  stock  of  all  kinds  are  Y^y  fond  of  it.  On  very 
ricli  soil  50  canes  can  be  ffrown  from  one  seed* 

Kaffir  Corn. — Stands  drought  remarkably  well.  It  reached  a  height  of  4  feet. 
The  heads  are  10  inches  in  length.  It  will  mature  a  second  crop  in  this  latitude. 
It  is  fully  e(|ual  to  com  as  a  forage  plant,  and  all  kinds  of  stock  eat  it  greedily. 
One  acre  of  Kaffir  is  considered  equal  to  2  of  com  (nmize)  for  feeding. 

Vegetables. — Vegetable  seed  received  from  the  Department  has  given  general 
satisfaction,  and  is  much  sought  after.  With  but  few  exceptions  all  vegetables  at- 
tain a  high  degree  of  excellence  here. 

TENNESSEB. 

Com.— White  Giant  Normand^r  has  been  foUy  tested  and  Is  pronounced  unex- 
celled as  an  early  com  for  this  latitude,  coming  in  before  the  July  drought.  It  is  a 
pure  white  com,  as  its  name  indicates,  and  makes  tiie  finest  quahty  of  meal,  and  is 
soft  enough  for  stock. 

Wheat— -ThQ  Fulcaster  is  reported  as  producing  the  finest  grain,  and  as  being  the 
most  prolific  variety  grown  in  central  Tennessee.  The  seed  sown  in  the  fall  of  1^ 
yielded  35  bushels  per  acre. 

C/ot^er.— Alfalfa  grew  well;  it  was  over  1\  feet  hi^;  It  bnmohed  out  until  it  had 
5  or  6  stalks  from  one  seed;  the  roots  extended  from  1  to  2  feet  in  the  ground.  It 
is  one  of  the  best  that  has  been  tried,  and  is  just  what  this  country  needs. 

Co^fon.-^-Shine*s  Early  Prolific  is  of  supenor  quality,  with  -very  fine,  kmg  staple. 

Vegctahles.-'T\M&  Dutch  Oase-Knife  beiEins  were  ywf  prolific:  they  are  a  flwod 
mark(*t  variety.  The  Rural  New  Yorker  Pea  proved  a  remarkame  variety,  bom  as 
to  quality  and  quantity.  The  All  Seasons  Caobage  was  of  good  quality  and  made 
large,  solid  heads.  The  Yellow  Globe  Danvers  Onion  proved  to  be  a  very  fboe 
variety. 

TEXAS. 

Com. — Tlie  Wliite  Giant  Normandy  and  Champion  White  Pearl  are  both  very 
excellent  varieties  for  culture  in  this  State. 

Wheat. — The  Fulcaster  appears  to  be  the  best  variety  for  this  portion  of  our 
country. 

Cotton. — The  Jones  Prolific  received  from  the  Department  of  Agrioultim  has 
done  so  well  here  that  some  planters  are  using  it  for  their  enti^  crop. 

Kaffir  corn, — Is  the  best  forage  plant  grown  here  and  it  i^ypeam  to  defjr  numiMr 
drought.  It  grows  uniform  heads  under  all  drcumstaaoes  wod  ki  eanlyoiired. 
After  two  years'  experience  with  it,  it  is  pronounced  the  fiinest  forage  i^ant  ever 
tried  in  this  locality. 

Grassi.— The  Johnson  is  all  that  could  be  asked  for.  The  MftagrotHB  Abf^ainioa 
grows  very  fa^t,  and  makes  an  abundance  of  seed.    Stock  are  vety  fond  of  it. 

Sorgh  urn. — Tlie  Early  Amber  is  very  fine  for  fora^.  By  cutting  early  two  crojis 
van  Ix'  secured.  Other  varieties  are  preferred  for  smip,  but  for  forage  notiiing  is 
su]  >orior  to  it.  It  grovtrs  luxuriantly  without  work,  but  tiie  *'  better  tile  cuJtore  "  the 
better  the  yield. 

Tobuccoi^— This  soil  and  climate  are  well  adapted  to  the  oultivatioii  of  tobaooa  It 
cures  well  here  in  mid-winter  without  firing.  The  Whitt  took  tiie  lead  of  three  va- 
rieti(«s  in  central  Texas;  it  is  a  strong  jdant  with  long  leaves;  it  grows  quicker  and 
will  stand  more  drought  and  wet  than  theothers.  Tdb  VueUaAbajo resembles  very 
closely  the  flavor  of  the  Cuban. 

Viyctahles.—AU  varieties  of  vegetables  do  well  here  when  property  oulttvatod. 
The  st^'d  sent  out  by  the  Deimrtment  has  proved  no  exception;  the  reports  upon  the 
distribution  of  the  various  kinds  are  highly  satisfactory, 

UTAH. 

Tobacco.— T]\G  Orinoco  made  a  good  crop  bat  needed  much  irrigation;  it  lacks  the 
body  of  the  Kentucky  and  Virginia  tobao<xis  and  is  coarser  in  fiber  than  in  the  tim* 
ber  laTids  of  the  tobacco  States,  and  yet  with  proper  fertOlBen,  judiciaiiB  irrigation, 
and  exx>erionced  cutting  and  curing  it  is  thought  by  expotrieDced  tfoAaacco-growtntiUKt 
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;o. — Havana  is  th«  best  variety  for  this  section  of  country.  It  is  small  for 
year,  but  tlio  tliird  year  it  i^ays  well,  as  it  yields  from  800  to  1,000  pounds 

hies, — The  Early  Snowball  Turnip;  did  well:  they  yielded  five  times  as  much 
seed  purciiase<l  here,  which  was  sown  on  the  same  land  with  equal  care. 

mchision,  I  herewith  append  the  following  tabulated  state- 
ihowiii^  the  (jiiantity  and  kind  of  seeds  issued  from  the  Seed 
n  of  tho  Agricultural  Dei)artment,  under  the  genei*al  appro- 
ti  acfc  of  Congress,  from  July  1,  1887,  to  June  30, 1888: 


ion  of 
s. 

Vari- 
eties. 

l.'iR 
76 

1 

Senators, 

Repre- 
sentative, 
and  Dele- 
Rati'sin 
Congress. 

StaMstical 

corre- 
spondents. 

State 
corre- 
spondents. 

Miscella- 
neous ap- 
plicants. 

Experi- 
ment sta- 
tions 
and  a«rri- 

cultural 
colleges. 

Agricult- 
ural 
societies. 

Grand 
toUO. 

SKOVB. 

Packages. 

2,941,888 

2G8,044 

Packages. 

172,040 

80.090 

148 
2,925 

Packages. 
40,800 
21,Oi5 

PacJcages. 

458,800 

68,028 

1,416 

10,841 

2,529 

1,586 

17 

1,848 

868 

8,809 

117 

248 

2,478 

790 

162 

19,418 

1,015 

1,021 

3,996 

1,855 

275 

1,451 

1,8S6 

i,7oe 

Packages. 

7,418 

880 

70 

827 

44 

eo4 

17 

MS 

117 

178 

284 

68 

187 

62 

28 

2,488 

8 

Padeojges. 
21,472 

8,048,018 
868,446 

llS8;«7 
8,060 

Honey 

182 
1,462 

1      1.% 

1        7 

89,107 
486 

18,825 

:         1 

8,180 
84 

1 !         1 

SEOS. 

5 
2 
7 

1 
1 
4 
1 
1 
12 
3 
2 
8 

1 

1 

4 
6 

mi 

2.096 
8,948 

684 
841 
045 
801 

8,006 

8,088 

11,868 

796 

om .... 

214 

1,609 

&i 

79 

1,509 

267 

i.iia' 

1 

874 

2,750 

064 
246 

88,217 

7,886 

1,804 

176 

1  

11 

t... 

253,789 
2,992 

106,040 

1,509 

378 

124 

680 

27,620 

481,407 

6,684 

1,800 

16,606 

4,048 

808 

irzel . . 

9,679 

480 

26 

1,118 
1,118 

68 
876 

81 
880 

184 
86 

800 

780 

2S^ 
148 

1,815 
8B7 

808 

8,180 
8,410 

6,818 

ants, 
1 

4,028 

LJE. 

* 

total.. 

8,670,059 

817,483 

111,144 

68t>,874 

18,788 

S8»806 

4,6{«S,610 

Norman  J.  Colman, 

Covimissiotier, 


Wm.  M.  Ejng, 
Chief  of  Seed  Division. 
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the  yield  and  qualitv  would  be  sufficient  to  make  tobacco  one  of  the  leading,  if  not 
the  best  agriculture  product  of  the  Territory,  in  valleTS  not  exceeding  4,509  feet  in 
altitude. 

Vegetables. — The  Early  Red  Valentine  Bean  was  very  much  liked.  The  Patty 
Pan  Squash  is  spoken  of  as  a  delicious  and  prolific  varied,  some  plants  yidklingm* 
teen  full-grown  specimens.  The  valley  of  the  Weber  is  ^rticularly  adapted  to  all 
vegetables  and  small  fruits.    It  is  a  little  over  4,000  feet  above  the  jsea-leveL 

VIRGINIA. 

Com.— The  White  Giant  Normandy  proved  equal  to  any  cultivated  in  this  State, 
with  the  advantage  of  a  small  cob,  which  is  a  great  consideration. 

Wlieat, — The  Lancaster,  German  Emperor,  and  Fultz  are  the  standard  varietiefl. 
Sibley's  New  Golden  produced  grain  of  good  quality  and  color;  it  was  i>erf ectly  free 
from  rust;  the  Good  produced  well,  the  straw  was  stiff  and  strong  and  not  in- 
clined to  rust.  The  grain  was  large  and  plump  and  of  a  rich  amber  color.  The 
Fulcaster  is  reported  as  being  free  from  rust  and  one  of  the  most  promising  new 
varieties. 

Sorghum. — The  Orange  made  a  good  yield.  At  the  mill  it  was  pronounced  equal 
in  qu^ty  to  any  they  had  used,  and  was  superior  in  yield. 

Tobacco. — Caboni  is  considered  the  best  of  the  Spanish  varieties;  it  grows  lam.  Is 
of  a  fine  texture,  and  cures  a  nice  color.  There  is  a  growing  demandfor  the  £ttle 
Orinoco  as  the  product  from  it  is  unexcelled  even  by  the  Burley;  it  combines  ukkb 
good  qualities  than  any  native  variety.  The  Persian  ripens  early  and  is  of  fine 
quality,  especially  suitable  to  localities  subject  to  early  frost.  In  corroboration  of 
tnis,  Maj.  R.  Ragland,  who  is  regarded  as  authority  on  tobacco  matters,  says:  '*  Of 
sixteen  varieties  planted  this  year  on  Hyco  Seed  Farm,  the  Persian  is  the  most  for- 
ward and  has  made  the  greatest  growth  through  the  driest  season  experienced  for 
many  years.  It  has  stood  the  heat  like  a  salamander,  and  made  greater  growth 
than  any  other  variety  on  the  farm.  The  Persian  promises  to  be  a  first-class  cigar 
variety,  and  is  superior  to  older  kinds.  It  is  worthy  of  extensive  planting,  east  and 
west,  wlierever  the  cigar  tyi>e  is  grown." 

Vegetables. — Sutton*8  Gem  Celery  proved  a  good  variety,  nutty,  crisp,  and  of  fine 
flavor. 

WASHINGTON. 

Com. — The  White  Giant  Normandy  is  very  productive;  yielded  twice  as  much  of 
either  grain  or  fodder  as  common  com.  It  is  a  very  valuable  variety  for  fodder. 
Forage  is  much  needed  in  this  part  of  the  countnr. 

Wheat. — One  and  a  half  pounds  of  Beardless  White,  planted  in  12  rows  50  feet  in 
length  and  16  inclies  aj)art,  yielded  198  pounds  of  the  choicest  wheat. 

Tobacco. — Calxmi,  \  uelta  Abajo,  and  Wliite  Burley  have  been  successfully  grown 
here. 

Vegetables. — All  the  varieties  of  vegetables  and  grain  received  from  the  Depart- 
ment grew  finely  here. 

WEST  VIRGINIA. 

Wheat. — The  Fulca«ter  yielded  30  bushels  to  the  acre,  weighing  66  pounds  per 
bushel,  of  larjj^e,  plump,  grains.  It  ripened  eight  days  before  other  varieties,  ana  it 
was  entirely  free  from  rust. 

Sorghum. — The  Early  Orange  is  well  adapted  to  this  locality. 

Tobacco. — The  Orinoco  is  l)est  adapted  to  this  locahty  for  several  reasons:  First, 
because  it  can  be  planted  closer  and  cultivatetl  with  more  ease  than  larger  kinds; 
second,  because  it  ripens  earlier;  and,  third,  because  tliere  is  no  danger  of  its  being 
nipped  by  frost. 

WISCONSIN. 

Oats. — Hart];ett's  White  were  very  good,  and  the  straw  was  stiff  and  strong. 

Clover. — Alfalfa  made  a  fine  growth. 

Grass. — Th(»  Tall  Foscuo  (Festuca  ekitior)  did  very  well,  and  made  a  fine  growth. 

Sorghuvi. — Owing  to  a  very  cold  spring  and  summer  the  Chinese  did  not  mature, 
but  the  yield  from  green  cane  was  tremendous — 50  per  cent,  greater  than  from  XSarly 
Amber. 
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(ICO. — Havana  is  th«  l)est  variety  for  tliis  section  of  country.    It  is  small  for 
t  year,  but  the  tliird  year  it  imys  well,  as  it  yields  from  800  to  1,000  pounds 

Uiblen. — The  Early  Snowball  Tumiyw  did  well;  they  yielded  five  times  as  much 
)  seed  purchase<l  here,  which  was  sown  on  the  same  land  with  equal  care. 

onchision,  I  lierewitli  append  tlio  following  tabulated  state- 
sliowiii;:^  tho  quantity  and  kind  of  seeds  issued  from  the  Seed 
on  of  tlio  Agricultural  Department,  under  the  general  appro- 
:>n  act  of  Congress,  from  July  1,  1887,  to  June  30, 1888: 


)tion  of 
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ir>R 

76 

1 
IS 

r» 
4 

1 

Senators, 

Repre- 
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State 
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1,586 

17 

1,848 

8m 

8,809 

117 

248 
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790 

162 

19,418 

1,015 

1,021 

3,998 

1,855 

275 

1,451 

1,8S6 

i,7oe 
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7.418 

880 

70 

827 

44 

eo4 

17 

MS 
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SM 

68 

187 

62 

28 
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1  Honey 

las 
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.1,610 

89,107 
486 

18,885 

isk^rr 
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•r 
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84 

SKEOS. 
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1 
1 
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6 
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81 
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m 
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I 
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846 

88,847 
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2,992 

105,040 
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16.600 
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26 
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68 
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91 
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06 
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Ss 
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8B7 
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ed 
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4,028 

9,410 
0,818 

:iiJt. 

d  total.. 

3,579,059 

317,483 

111,144 

68t>,874 

18,788 

S8»806 

4,0{«S,610 

1.  Norman  J.  Colman, 

Commissioner. 


Wm.  M.  Ejng, 
Chief  of  Seed  Division. 
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REPORT  ON  TRUCK  FARMING. 


TRUCK  FARMING— ITS  APPLICATION  TO  THE  WORK  OF 

THE  GENERAL  FARMER 

By  Jaubs  K.  Reeve,  FranMin,  Ohio. 

So  long  as  land  remained  plentiful  and  cheap^  even  near  the  most 
poi^ulons  centers,  and  the  population  of  those  centers  was  not  so 
great  but  that  it  could  be  easily  supplied  with  food  from  the  adja- 
cent agricultural  districts,  there  was  little  incentive  in  this  country 
for  the  study  of  methods  tending  to  increase  the  productiveness 
of  the  soil.  Even  after  the  cities  between  the  Atlantic  and  the 
Mississippi  began  to  attain  such  proDortions  that  their  daily  sup- 
plies had  to  be  drawn  from  a  constantly  widening  field,  the  o¥i:ners 
of  land  in  the  older  communities  felt  no  particular  necessity  for  put- 
iug  forth  greater  efforts,  because  thejr  were  being  well  recompensed 
for  their  time  and  labor  by  the  rapidly  increasing  value  oi  their 
farms.  Up  to  a  certain  ])oint  such  reasoning,  although  fallacious  to 
the  best  interest  of  individual  owners,  was  certaiidy  beneficial  to  the 
development  of  the  coimtry  at  large,  as  it  added  stimulus  to  immi- 
gration, and  aided  the  constant  and  rapid  opening  up  of  our  great 
agricniltural  territory  in  the  West. 

Wo  are  now,  however,  rapidly  nearing  a  point,  if,  indeed,  it  is  not 
already  attained,  where  iihe  owner  of  a  farm  in  the  Eastern  middle 
or  central  Western  States  can  not  reasonably  expect  much  profit  to 
accnu^  from  a  further  increase  of  values.  The  continuing  growth  of 
population  Avill  undoubtedly  cause  them  still  to  augment  somewhat, 
but  not  with  the  rapidity  that  the  past  generation  has  known.  Ap- 
plying business  principles  to  the  consideration  of  this  question,  we 
can  not  ox])ect  the  value  of  cultivated  lands  to  greatly  exceed  that 
point  upon  which  a  fair  interest  may  be  had  from  the  {iroflts  of  cul- 
tivation; so  that  men  who  now  puronase,  or  those  who  inherit  these 
lands  that  have  made  their  fathers  wealthy  by  a  rise  in  values,  even 
though  tlio  crops  produced  yielded  only  a  comfortable  sustenance, 
mu«t  look  for  tneir  profit  in  such  an  advanced  system  of  agriculture 
as  will  ])r()duce  a  larger  money  return  per  acre.  This  profit  will 
foiiH^  ill  Uw  ways,  the  gain  in  income  and  the  increase  in  value  of 
tlir  land,  wJLon  it  is  shown  that  the  capital  invested  is  yielding  a 
}iii::lu'r  i*ate  of  interest  than  formerly. 

Seven  years  ago  a  writer  in  one  ox  our  magasines'^  suggested  that 
tlu)  tendency  in  his  State  (New  York)  "was  toward  uie  market 
garden,  the  orchard,    plant-house,  dairy,  and  small  farm.     The 

"  Si\-  "Agricultural  Experiment  StatiQns,"  Scsibnei's  Monthly,  February,  1881. 
Scribiier  &  Co.,  New  York.  , 
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largo  wlioat -grower  and  gi'azirr  Iiavc!  gone  to  tlio  far  West."    The 
development  of  tliis  idea  in  the  siilMlivision  of  our  lar/j;-*.'!;  farms  ami 
the  application  of  intensiv(;  niclhods.  so  that  each  cultivated  acivM'ill 
he  mado  to  yield  the  greatest  })()ssil)lH  inonc.'V  jn'ochict,  are  the  natural 
ends  toward  which  we  are  now  tending,     llio  fact  tJiat  in  this  wav 
a  smaller  ca])ital  can  be  suecessfuUy  t^niployed  than  could  be  in  cul- 
tivating larger  areas  for  grass  and  grain  and  stock  is  one  of  the 
strongest  arguments  in  its  favor.     Tlu^  time  has  not  yet  come,  nor  is 
it  desirable  that  it  soon  sli(.)uld,  when  all  farnn^rs  in  tlie  great  eastern 
and  middle  sections  to  whom  this  article  is  particularlj'-  addressed  will 
devote  themselves  wholly  to  the  various  ])ranches  of  "  small  farming," 
and  divide  their  holdings  so  minutely  as  would  he  required  to  make 
such  the  excihisive  industry. 

A  great  many  who  holcl  medium-sized  farms,  say  ranging  from 
100  to  iiOO  acres,  find  it  now  impossible  to  continue  cultivating  them 
after  the  old  methods,  and  realize,  in  addition  to  taxes  and  current 
expenses,  a  sum  e<iual  t<>  a  fair  interest  upon  the  capit^al  invested. 
It  is  incumbent  upon  such  to  ado])t  methods  that  will  materially  in- 
crease the  income,  as  in  the  majoi-ity  of  cases  the  fixed  charges  for 
maintenaiic(^  can  not  be  greatly  reducc(l.  To  this  class  we  can  hardly 
suggest  so  radical  a  change  as  ajmlying  the  principles  of  **  small  farm- 
ing ''  to  their  entire  holdings.  Tile  labor  and  expense  necessary  to  so 
minutely  cultivate  each  acn^  would  in  most  cases  be  an  insuperable 
obstacle;  l)ut  it  may  l)e  practicable  for  such  to  devote  a  limited  space 
to  tlie  cultivation  of  certain  crops  of  higher  value,  or  to  make  such 
an  adjustment  of  methods  as  wouhl  re<luco  the  labor  upon  the  larger 
portion  of  the  farm  to  a  minimum,  and  then  concentrate  the  greatest 
effort  upon  a  com])aratively  small  area. 

Before  ]>assing  to  a  consideration  of  the  ways  in  which  this  may 
bo  accomplished,  and  of  the  means  best  adapte<l  for  the  attainment 
of  the  desired  result,  let  us  glance  for  a  moment  at  the  existing  con- 
ditirms  of  agriculture  generally  throughout  the  United  Stat^. 

The  report  of  the  Commissioner  of  Agriculture  for  1886  shows  that 
the  total  area  cultivated  for  issf),  in  thc^  following  crops,  viz,  com, 
wdieat,  oats,  rye,  buckwheat,  barley,  hay,  potatoes,  tobacco,  and  cot- 
ton, yi(»lded  an  average  gross  rrturn  of  only  $0.75  per  acre.  The  only 
crops  yielding  an  average  of  more  than  $10  per  acre  were,  cotton, 
$14.75;  barley,  8^2. 04;  '])olatoes,  $:}4.40;  and  tobacco,  $57.49.  Of 
these  cotton  is  coniined  (l<*linitely  to  a  certain  section;  tobacco  and 
potato(»s  mnst  be  classed  as  crops  of  limited  cultivation,  leaving  bar- 
ley as  tlie  only  general  field  ci-op  giving  a  gross  product  averaging 
more  tlian  $U)  in  value.     With  tJiese  ligures  before  us  it  seems  hardly 


grass 

and  tlie  cereals,  it  is  generally  maintained  that  the  net  profit  is  some- 
what belter  than  wlien  tlies(»  crops  are  alone  the  product  and  are  sold 
directly  from  the  laud  instead  of  being  fed  ujKDn  it. 

Even  in  these  most  common  practices  of  husbandry  our  methods 
v/ill  cei'laiidy  l)ear  amending.  In  comparison  with  ourselves  the 
British  farmer  rais(»s  on  the  same  area  double  the  amount  of  wheat, 
oats,  barley,  or  potatoes,  and  in  projKjrtion  to  acreage  will  produce 
and  fe(Ml  nuich  more  than  double  the  amount  of  live  stock. 

While  we  are  not  yet  ready  for  the  methods  that  have  been  forced 
upcm  the  agriculturists  in  the  overcrowded  districts  of  Europe,  where 
land  is  dear  and  labor  clieaj),  and  where  the  ratio  of  non-producer  to 
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producer  is  so  imicli  greater  than  here,  yet  the  above  figures  show 
tliat  results,  which,  if  attained  on  low-pnced  lands  in  the  newly-de- 
veloped West,  might  be  very  satisfactory,  are  quite  the  reverse  under 
the  conditions  existing  in  the  older-settled  communities. 

One  of  the  first  features  requiring  attention  in  a  discussion  of  the 
economic  principles  of  intensive  farming  is  that  of  labor.  •  This  factor 
alone  may  determine  the  question  of  profit  or  loss  in  any  system  of 
agriculture,  and  its  employment  and  distribution  in  sucn  manner  as 
to  accomplish  the  best  results  will  always  demand  the  most  careful 
consideration.  Under  our  present  methods  we  are  usuaUy  working 
under  high  pressure  a  portion  of  the  season,  and  that  often,  as  in  hay 
and  grain  harvest,  when  both  men  and  teams  are  least  able  to  endure 
severe  toil,  and  often  in  the  autumn  and  winter,  when  active  labor 
would  be  beneficial,  we  find  hardly  enough  to  do  on  our  farms  to 
keep  up  even  a  pretense  of  work.  The  arrangement  of  the  year's 
woi-lv  to  cover  as  equally  as  may  be  each  season,  thus  affording  means 
by  which  employed  labor  may  yield  a  profitable  return  each  day.  is 
the  only  way  in  which  the  maximum  benefit  can  be  obtained.  This 
can  only  be  accomplished  by  growing  such  a  succession  of  crops  that 
the  i)lanting,  cultivation,  harvesting,  and  future  handling  of  them 
may  afford  as  nearly  as  possible  a  continuous  round  of  duties. 

I  have  already  suggest-ed  that  the  allotment  of  the  land  should  be 
such  that  the  largerportion  would  demand  comparatively  little  close 
or  detailed  labor.  Grenerally  spegJcing,  this  may  be  most  readily  at- 
tained by  growing  less  grain  and  more  grass.  A  second  and  not  less 
important  result  of  this  procedure  would  be  that  a  greater  amount  of 
stock  could  be  kept,  and  a  larger  quantity  of  manure  accumulated  to 
use  ui)on  the  cultivated  portion.  Grass  lands  will  undoubtedly 
yield,  in  the  older  sections  of  the  country,  a  better  average  net  profit 
than  would  the  same  acreage  of  grain,  in  addition  to  raising  cattle 
for  market  purposes,  the  production  of  milk  and  butter  can  be  made 
a  source  of  no  small  gain,  depending  somewhat  of  course  on  location 
and  nearness  or  accessibility  to  markets.  It  is  not  within  the  scope 
of  this  article,  however,  to  attempt  any  directions  for  the  general 
management  of  the  farm.  The  most  that  can  be  done  is  to  offer  a 
few  suggestions,  leaving  each  farmer  to  determine  for  himself  ui)on 
such  nlans  as  may  be  best  adapted  to  his  circumstances  and  as  seem 
most  likely  to  meet  the  requirements  of  the  desired  end.  Some  may 
consider  it  best  to  put  so  much  of  the  land  as  possible  in  a  single  grain 
crop,  re(]uiring  only  the  operations  of  seeding  and  harvesting;  otners, 
bj'^  renting  a  portion  of  their  fields  to  be  cultivated  for  a  share  of  the 
crops;  others,  by  following  mainly  in  the  old  lines,  and  devoting 
only  a  small  area  and  surplus  time  and  labor  to  the  production  at 
new,  and  to  them  experimental,  crops.  The  jjeneral procedure,  how- 
ever, should  be  determined  upon  wim  a  definite*view  of  the  direction 
in  which  the  other  work  is  to  be  undertaken. 

The  two  principal  methods  open  to  the  farmer  for  the  profitable 
ap]jlicati(>n  of  the  x>rinciples  of  intensive  farming  are  the  produc- 
tion of  special  field  crops,  cultivable  in  limited  areas  andyielding  a 
large  money  value  per  acre,  and  in  market  gardening.  The  former 
of  tliese  is  applicable  to  the  vast  majority  of  farmers,  whatever  their 
location,  as  tlio  crops  I  shall  suggest  may  be  harvested  at  a  single 
opiuation  and  immediately  shipped  to  the  nearest  large  market  and 
sold  in  their  entirety  as  easily  as  wheat  or  com.  The  latter  is  es- 
pecially a<lai>te(l  to  farmers  located  near  cities  or  in  the  vicinity  of 
thriving  towns  or  villages,  even  thougb.  quit©  small,  where  a  fair 
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])ortinii  of  tlio  population  consists  of  tlio  noii-j^roducing  class.  In- 
(Irt'd,  ill  KTU'h  ])ln(*es  tlie  markot  will  often  bo  found  mnch  better  than 
in  large*  citicH.  Altlionxli  occasionally  both  of  tlie  above  methods 
may  bo  a<lvanta>^coii.sly  combined,  I  will  discuss  tliem  separat-elv. 
first  giving  attention  to  the  cultivation  of  the  more  valuable  fiela 
crops. 

The  statistics  previonsly  given  show  that  two  crops  already  soine- 
wliat  extensively  cultivated  give  very  satisfactory  returns.  These 
are,  tobacco  §57*40,  and  potatoes  $34.41)  yor  acre;  and  we  irould  fll^ 
tli(»r  note  that  the  value  of  tliose  j)rodiicts  varies  for  tobacco  from 
Sir)i>  in  New  York  down  to  $40  in  Arkansas,  and  for  i>otatoes  from 
6580  in  Florida  down  to  ^J^O.58  in  Michigan.  It  is  true  that  some  of 
this  variation  may  be  accounted  for  by  climatic  conditions;  adapta- 
bilitv  or  non-adaptability  of  the  x>i*odnct  to  the  soil  or  latitude; 
specifil  value  of  certain"  varieties  of  tlie  product  which  may  be 
ada])t(^d  to  one  locality  and  not  to  another.  Yet  the  fi^grures  are  sug- 
gestive of  what  may  be  accomplished  luider  favorable  conditions 
with  pro])er  care  and  management.  For  instance,  in  Kentucky,  in 
the  year  for  which  the  figures  are  given,  the  writer  was  shown  a  20- 
acre' field  of  tobacco  from  which  tlie  product  sold  for  $4,200,  while 
the  av<»rage  value  of  the  yield  for  that  State  was  only  $51.35. 

In  addition  to  the  abovc^  named,  the  specially  valuaole  crops  whose 
limited  cultivation  trniy  generally  be  profitably  undertaken  by  the 
farmer  ava  cab])age,  beans,  and  sweet  i)otatoes.  Tliere  are  many 
others  that  may  be  successful  within  certain  territorial  limitfi,  but 
those  named  are  adapted  to  the  widest  range. 

THE   POTATO. 

The  great  value  of  tliis  tuber  as  a  staple  food  crop,  its  present  ex- 
tensive importation,  and  its  growin/L?  em})loyment  ni  manufactures 
are  all  suggestive  of  th(>  fact  that  its  cultivation  might  be  gi'eatly 
extended  without  danger  of  overproduction,  and  without  extending 
its  area  a  vast  im])rovement  can  be  made  in  the  method  of  cultiva^ 
ingso  as  to  render  its  present  acreage  much  more  profitable  than  they 
now  are.  The  jn-esent  low  jiverage  yield  is  directly  attributable  to 
the  fact  that  a  nuHlcn'tite  crop  may  \h}  secured  even  with  the  most 
inaderpuite  culture,  and  as  usually  "grown  by  farmers  only  for  home 
consumption,  they  often  devote  oiily  such  tiine  and  space  to  it  as  can 
not  ])]*ofitably  be  employed  for  anything  else.  The  very  ease  with 
which  some  return  may  be  had  has  been  the  greatest  drawback  to  a 
thorough  study  of  the  [dant  and  its  needs.  In  this  connection  may 
1.M'  mentioned  the  fact  that  this  facility  of  production  was  at  one  time 
(conducive  U)  serious  social  complications.  The  Encyclopeedia  Bri- 
tainiica  savs: 

III  Tn-land  ami  tlio  hiji'ilandK  of  Sc'otlinid  tho  jKMjplc,  nlrondy  in  a  painfully  de- 
j^radiMl  coiidition  and  contented  to  exist  witli  potatoes  as  their  sole focxi  from  year's 
(»nd  to  year's  eiul.  took  <K*r.'ision.  from  its  very  productiveness  under  the  rudest 
eulture,  to  Hul»divid<*  their  hinds  and  marry  pmnaturoly,  with  reckless  im)yrovi- 
denc<^  and  amid  ever-ik'epening  do<;i*a<lation. 

From  Ihis  coTidition  th(?  ])cople  'wore  rndoly  awakonod  by  the  ap- 
ix'jn'aiu'o  of  t  lie  meniorabh?  * 'potato  disease''  that  at  ono  time  threat- 
OTicd  the  total  extinc^tion  of  this  tuber  from  British  agriculture,  and 
oct^jisioiied  such  alarm  in  this  country  that  in  1845  the  legislature  of 
Massachust^ts  passed  nn  act  oilering  a  reward  of  $10,000  to  any  per- 
son Avho  should  discover  its  cause  and  cure. 
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Although,  as  above  noted,  some  sort  of  crop  may  usually  be  made, 
even  witli  the  application  of  the  slightest  degree  of  effort  and  intel- 
li^^oTH'o,  tlie  best  success  in  potato  culture  can  only  be  had  by  a  thor- 
ough understanding  of  its  needs  and  by  carefully  ministering  to 
them.  As  the  tubers  contain  nearly  75  per  cent,  of  water  it  is  essen- 
tial that  the  j)reparation  of  the  soil  should  be  such  as  will  best  con- 
duce to  the  retention  of  moisture;  and  as  the  sets  do  not  throw  out 
roots  to  feed  in  the  surface  soil,  but  draw  their  nourishment  from  a 
considerable  depth,  it  is  quite  as  needful  that  the  preparation  of  the 
seed-bed  should  be  deep  as  well  as  thorough. 

Although  all  root  crops  are  jwirtial  to  a  deep,  mellow  loam,  expe- 
rience has  shown  that  a  clay  soil  will  produce  smoother  ana  more 
uniform  i)()tatoe8  than  any  other.  On  a  loose,  light  soil  the  market 
value  of  a  crop  is  often  seriously  injured  by  unsightly,  wart-like  ex- 
crescences upon  the  tubers;  and  if  a  clay  soil  be  sufficiently  rich  and 
properly  fitted  to  the  requisite  depth  it  may  be  relied  on  to  produce 
a  croj)  as  largo  in  volume  as  any  other.  It  is  not  enough  that  the 
ground  be  merely  plowed  deep  and  then  well  harrowed;  but  after 
this  is  done  commence  again  at  the  beginning  and  turn  this  fine  sur- 
face under  to  a  depth  of  6  inches,  placing  it  where  the  sets  will  be  in 
immediate  c(  )nt act  with  it  when  planted.  Then  asrain  harrow  the  new 
surface  and  mark  out  furrows  6  inches  deep  ana  3  feet  apart.  Into 
these  furrows  drop  the  sets,  15  inches  apart,  and  cover  with  4  inches 
of  mellow  earth. 

Upon  no  singLe  point  of  agriculture  has  there  been  more  recent 
discussion  than  regarding  the  best  method  of  preparing  the  seed. 
The  planting  of  whole  potatoes,  large  and  small;  cutting  length- 
wise and  across;  cutting  to  two  eyes  and  to  only  one;  all  have  their 
ardent  adherents.  Doubtless  good  results  have  been  and  occasion" 
ally  may  be  attained  by  each  of  these  methods.  To  intelligently  dieter- 
mine  which  is  best,  it  is  necessary  to  understand  what  purpose  the 
seed  piece  is  to  servo.  Various  experiments  have  determined  that 
tlie  «^reatest  yield  of  marketable  tubers  to  the  hill  does  not  result 
from  a  multiplicity  of  vines.  At  a  recent  exhibition  of  the  French 
AKi*i<*nltTiral  Sociely  the  premium  both  for  size  of  tubers  md  yield 
per  luctr.rc  was  awarded  to  a  grower  whose  only  peculiarity  of 
metliod  was  that  ho  pruned  away  all  in  excess  of  two  vines  to  each 
hill  as  soon  as  they  appeared  above  ground.  Admitting,  then,  that  a 
redmi'lancy  of  vino  is  not  desired,  we  should  aim  to  plant  enough 
se((l  to  ])ro<hico  the  re<j[uisite  amount  and  as  little  in  excess  as  possi- 
ble. This  may  bo  attained  by  planting  a  single  eye,  provided  that 
one  is  strong,  lias  a  sufficient  amount  of  the  body,  of  the  tuber  with 
it,  and  is  placed  in  good  soil  where  plenty  of  plant  food  is  immedl* 
at.  y  available.  But  as  all  of  these  conditions  may  not  be  always 
present,  the  better  method  is  to  plant  two  good  strong;  eyes*  AU 
more  than  this  is  '*  wasteful  and  ricuculous  excess.''  As  we  seed  piece 
mnst  furnish  nourishment  to  the  young  plantlet  untL  it  is  suffi- 
ciently (levelopiHl  to  draw  its  sustenance  from  the  soil,  the  tuber 
should  ]>e  so  cut  that  a  uniform  amount  of  flesh  is  apportioned  to 
each  ey(\  and  in  cutting  the  knife  should  be  run  as  deep  under  the 
<'yc  as  the  middle  of  the  tuber. 

B(  aring  in  mind  that  sufficient  moisture  is  a  mime  requisite  for 
th<'  i)ro(lnction  of  a  good  crop,  direct  your  cultivwioiiiiiguch  manner 
as  will  lu^st  preserve  this  condition*  Instead  ot  tiie  old  method  of 
liigh  ridges,  which  had  no  motive  except  to  Isfiiep  ttife  tubers  well  cov- 
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ered,  plant  deep  euoiigli  to  admit  of  level  culture  in  the  initial  stages 
when  it  finally  hooonie.s  nect^ssary  to  draw  the   soil   up,  do  so  by 
throwing  a  furrow  tcjward  the  i;lp.nis  fi'oni  each  side  so  as  to  make  a 
wide  ridge  with  a  slight  depres.si<»n  in  tlio  center;  water  is  wantwl 
down  in  th(^  row  wliere  the  tul kts  are  forming,  and  not  between  the 
rows  where  it  was  sent  hy  the  old  systcnn  of  pointed  ridges.     As  po- 
tatoes are  slow  to  germinate,  it  is  well  to  go  over  the  g^^ound  once 
with  a  ligJit  smoothing  harrow  a  week  after  planting,  and  again  just 
as  they  appear  ahove  the  ground.     Besides  keeping  the  surface  mel- 
low and  open  this  will  save  much  labor  in  after-cultivation  by  de- 
stroying myriads  of  weeds  that  will  be  just  stai-ting  into  life.     Cul- 
tivate by  throwing  the  dirt  siightly  away  from  the  row  at  first  and 
then  returning  it  so  as  to  have  nu^low  soil  close  to  the  hill;  after^ 
ward  run  the  cultivator  often  enough  to  keep  the  entire  surface  well 
mellowed. 

Harvesting  should  be  done  as  soon  as  the  tops  are  all  wilted;  if 
loft  in  the  groTind  longc^r  they  are  are  liable  to  rot  or  to  become 
watei-y  and  insipid.  Dig  with  a  potato  hoe,  throwing  the  tubers  out 
in  an  even  row,  and  leave  them  exposed  only  long  enough  to  become 
well  dried.  Sort  them  at  once,  putting  the  best  into  barrels  if  in- 
tending to  market  at  once,  or  else  haul  them  directly  to  the  place  of 
storage.  Select  out  smooth,  medium-sized  tubers  for  seed^  and  put 
all  small  or  imperfect  ones  away  to  feed  to  stock. 

As  a  general  rule  late  jdanting  is  In^st  for  the  main  crop.  The 
chances  then  are  most  favoraLOe  for  getting  the  full  benefit  of  the 
fall  rains  while  the  tu])ers  are  forming. 

It  is  usually  best  to  markiit  the  crop  as  soon  as  harvested;  their 
bulk  makes  repeated  handling  laborious;  prices  are  liable  to  go  down 
instead  of  up,  and  with  the  best  of  storage  there  is  often  serious  loss 
from  rot. 

High  manuring  is  always  beneficial,  providing  it  is  done  intelli- 
gently; but  the  a])plication  of  fresh  barn-yard  or  stable  manures  is 
apt  to  make  the  tubers  scabby,  and  engenders  trouble  from  wire- 
worms.  The  analysis  of  the  ash  of  the  Potato,  which  is  as  below, 
indicates  its  manurial  adaptation: 

Potasli 59 

Soda .'....    1 

Magnesia "';..,    4.6 

Lime S 

Phosphoric  acid ['"  , .  19 

Silica ;;;...  2 

Chlorine 8 

Mineral  manures,  such  as  wood  ashes,  j:)hos})liates,  and  potash  salts, 
vjU  increase  the  growth  and  be  (•onducive  to  health  and  thrift. 

By  far  the  most  formidable  enemy  of  the  Potato,  and  the  only  one 
viiich  I  consider  worthy  of  extended  notice  here,  is  the  Colorado 
^otato  Bug,  These  ai)[)ear  about  the  middle  of  May,  and  at  once 
)egin  to  feed  voraciously  on  the*  leaves  and  tender  stems.  As  they 
)roduce  three  broods  in  a  reason,  and  as  each  female laj^'s  an  average 
>f  GOO  eggs,  it  will  be  seen  th;it  it  is  almost  futile  to  fight  them  un- 
'^ss  preventives  are  used  at  the  very  start.  Paris  green,  mixed  with 
wenty  times  its  bulk  of  flour  or  air-slaked  lime  and  dusted  over 
ho  ])lants  when  wet  with  dew,  is  the  most  efficient  remedy.  Do 
»iis  upon  the  first  ap})*^arance  of  the  pest  in  tli*^  field,  and  repeat  the 
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THE    SWEET   POTATO. 


Tlio  only  liypotliesis  iipon  which  the  limited  cultivation  of  the 
Swoct  Potato  can  be  explained  lies  in  the  fact  that  many  farmers 
hositato  to  undertake  the  management  of  even  the  simplest  hot-bed. 
For  altliough  this  was  formeriy  considered  emphatically  a  Southern 
crop,  it  is  now  acclimatized  as  far  north  as  latitude  40°  to  42°.  But 
in  tiie  Nortliern  sections  it  must  be  started  in  hot-beds,  as  the  plants 
can  not  be  put  in  the  open  ground  until  all  danger  from  frost  is  past, 
and  in  the  fall  the  crop  must  also  be  secured  before  frosts  come. 
Although  the  short  season  necessitates  additional  labor  in  the  North 
the  ])otatoes  grown  there  are  usually  of  better  quality  (more  mealy) 
and  keep  better  than  Southern  grown,  as  they  contain  less  sugar  and 
more  starch.  The  crop  is  well  adapted  to  the  needs  of  the  farmer, 
for  tlie  reason  that  the  principal  labor  upon  it  comes  at  a  time  when 
the  demands  of  the  other  work  begin  to  lessen.  Planted  through- 
out tlie  central  belt  of  States  about  June  1,  its  principal  cultivation 
will  occur  after  the  grain  crops  are  harvested. 

The  iirst  operation  will  be  the  prejjaration  of  the  plant  bed. 
Select  a  spot  sloping  toward  the  south ;  if  a  wall  or  close  fence  is 
ininiediately  on  the  north  so  much  better.  The  site  should  be  well 
di-aiiKMl,  so  that  no  water  can  settle  in  the  pit  to  cool  the  manure.  A 
bed  IS  feet  long  and  0  feet  wide  will  be  sufficient  for  20,000  plants, 
and  will  require  one  l)arrel  of  seed.  Two  and  often  three  drawings 
of  plants  can  1)0  had  from  one  bed. 

Set  planks  1 2  inches  wide  on  edge  at  each  side  and  across  the  ends, 
making  the  corners  scjuare  and  tight,  and  secure  them  firmly  in 
place  by  driving  stakes  inside  and  outside  of  the  frame  thus  formed. 
JPlace  rafters  across  at  convenient  distances  to  rest  the  sashes  on;  spade 
out  the  interior  to  a  de])th  of  8  inches,  placing  the  diii;  evenly  around 
the  outside  of  the  frame.  For  some  days  prior  to  filling  the  bed 
sav(^  all  the  manure  from  the  horse  stables  under  cover  by  itself ,  and 
about  three  weeks  ]»efore  tlie  plants  are  wanted  put  it  in  the  bed. 
Pack  it  in  tightly  by  tramping  until  12  inches  deep;  have  it  all  level 
and  the  edges  and  corners  as  solid  as  any.  Manure  thrown  in  loosely 
will  li(^at  (juicker,  and  retain  heat  a  less  time,  besides  being  more 
sul)ject  to  burning  than  when  properly  placed.  After  the  bed  has 
stood  thus  for  three  days  cover  with  2  incnesof  sandy  loam  or  clean 
woods  dirt:  cut  the  seed  once  lengthwise  and  place  cut  side  down; 
l)lace  the  pieces  in  rows  so  that  the  ends  touch  and  have  the  rows 
about  2  inches  apart.  Cover  with  2  inches  more  of  the  same  soil; 
water  slightly,  often  enough  to  keep  the  surface  moist,  not  wet. 

As  the  Sweet  Potato  ])ed  is  made  so  late  in  the  season  that  only  a 
moderate  degree  of  heat  is  required  cloth  covers  are  superior  to  glass. 
Pr(^pared  cloth  costing  from  8  to  10  cents  per  yard  is  now  sold 
by  most  seedsmen.  Prex)are  good  sashes,  each  6  feet  long  and  of 
convenii^nt  width,  made  so  they  will  fit  tightly  inside  the  frame  of  the 
bed  where  they  may  rest  upon  cleats,  and  cover  them  with  the  cloth. 
Til  is  cover  will  retain  sufficient  heat,  protect  from  frost  and  cold 
winds,  shed  rain  (if  stretched  tightly  and  sloping  toward  lower  edge 
of  the  bed),  and  prove  in  every  way  all  that  is  needed. 

TIk^  Sweet  Potato  reaches  its  highest  perfection  upon  a  dry,  sandy 
soil  ;  wet  or  heavy  land  will  produce  tubers  of  poor  quality.  Plow 
deep  and  work  the  groimd  until  it  is  well  mellowed;  tnen  throw  up 
lidges  S  inches  high  and  3  feet  apart;  have  tlie  soil  in  the  ridges  very 
line,  free  from  clods  or  lumps,  and  tlurowu  up  loosely.     This  is 
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not  only  necc^ssary  for  tho  jmrpose  of  agood  seetl-hed,  Imt  inprop- 
orly  miulc  rid^^'i^  tlio  Inlxn*  of  setting  plants  is  rodncod  to  aTninimuni. 
As  soon  as  tiicrc  is  no  furtlicT  danger  of  frost,  select  a  cloudy  dav,  or 
will  n  atmospheric  eonditions  indicate  an  early  rain,  draw  the  plants 
carefully  from  the  bed,  so  as  not  to  disturb  the  seed  pieces,  and  making 
oi)enings  in  tlie  ridges  15  inches  apart,  set  the  plants  down  just  as 
de<'p  as  tliey  were  in  the  ))ed  and  coTni)act  the  sou  closely  about  them. 
Unless  tin  (»^nrly  rain  seems  very  certain  it  \vill  bo  best  to  **puddle" 
the  roots  ])y  setting  them  for  a  while  in  a  tub  of  wet  eartn  before 
])lanting.  Small,  stocky  plants  from  4  to  0  inch(>s  hi^h  are  preferable 
to  those  that  have  obtained  a  greater  growth  in  tho  bed.  spaced  as 
above,  an  acre  of  ground  will  require  ll,7f30  plants. 

The  only  cultivation  needed  at  first  will  be  to  stir  the  soil  imme- 
diately about  the  plants  and  along  the  sides  of  the  ridges  sufflciently 
to  break  the  crust  and  kee])  tho  surface  mellow;  give  one  plowing 
before  the  vines  c*ommence  to  run,  throwing  additional  soil  np 
against  the  ridges  ;  after  that  use  tho  cultivater  freely  between  the 
rtjws,  narn)wing  it  down  as  the  growth  of  the  vine  increases,  until 
the  ground  is  -wholly  covered  by  them.  Use  the  hoe  freely  to  keep 
out  weeds  and  grass  if  any  take  root  about  the  hills. 

Th(^  cr()[)  should  be  harvested  before  a  frost;  but  failing  to  accom- 
plish this,  if  a  frost  is  indicated,  go  over  the  piece  with  sharp  hoes 
and  cut  the  vines  loose  at  the  crown  of  tho  hill;  leave  the  vines  piled 
up  on  top  of  the  ridges. 

If  tlic  ground  was  put  in  proper  condition  primarily  the  crop  may 
easily  \x'  dug  eithiu*  with  a  fork  or  a  pronged  hoe.  In  harvesting 
tiu^  Sweet  Potato  it  is  of  the  highest  importance  that  it  be  not 
hanrlled  unnecessarily,  or  cut  or  oruised;  the  juices  ar6  so  rich  in 
sugc'ir  til  at  it  is  a  poor  keejxn*  at  the  l)est;  and  wherever  the  cuticle  is 
brok(;n  decay  follow\s  ra])idly.  The  besti)lanis  to  sort  them  as  taken 
from  the  row,  placing  the  marketable  tubers  carefully  in  barrels 
(put  them  in  by  hand;  don't  '*dump"  them)  and  remove  at  once  to 
the  place  where  they  ar<»  to  remain  until  sold. 

liii't  the  })arrels  in  an(i  out  of  the  wagon  instead  of  rolling,  and  in 
e\ery  way  avoid  jarring  or  bruising.  Thus  handled  and  stored  in  a 
dry  ])lace.  with  a  uniform  tem])erature  not  exceeding  60°,  they  wil. 
keep  AV(^II  until  alter  midwinter,  and  the  increased  price  then  usually 
to  he  obtained  will  amply  repay  the  precautions  used. 

F<»r  Nortliern  ))la.nting  it  is  best  to  procure  Southern  seed,  as  the 
sacelijirine  (uialities  become  somewhat  eliminated  by  the  successive 
use  nl'  Nortliern-irrown  seed. 

j\n  a\  ernge  yield  on  good  soil  may  be  put  at  200  bushels,  but  crops 
e:reai  ly  in  excess  of  this  are  not  uncommon.  Prices  fluctuate  greatlv, 
iMii  are  usually  sufliciently  good  to  mak(^  the  crop  a  very  profitable 

one. 

Fann-ynnl  manure,  well  rottecl,  may  be  used  in  the  drill  and  the 
]:l;si.'.s  ix'flded  thereon,  or  it  may  be  ap])lied  broadcast  and  well  worked 
inli)  I'l:'  soil.  If  comniennal  f(»rtilizers  are  wanted  use  such  as  are 
ri(  ii  in  ])otash  and  apply  them  about  the  plants  during  the  early  cul- 
tivation. 

THK   CABBACiE. 

V.';  I'lJiy  di  vide  cabl)ag(»s  generally  into  three  classes,  early,  medium, 
and  I;ne:  and.  leaving  the  two  former  to  be  treated  more  specifically 
in  the  port  ion  of  this  article  dtn'oted  especially  to  market  gardening. 


muoK  FAKMnri;^.  671 

confine  ourselves  liero  to  the  subject  of  late  cabbage  as  a  field  crop. 
Tliero  is  a  i)r()vaiHng  iini)reS8ion  among  farmers  tnat  cabbages  can 
not  IjM  yiiccessfully  gi*own  unless  plants  are  started  in  a  hot-bed  and 
transplanted.  Tliis  is  an  error,  as  plants  will  grow  and  head  equaJly 
viv]]  if  tlu^  seed  is  dropped  where  tnev  are  finally  to  stand.  The  ad- 
vaiitagcs  v>f  this  method  are  apparent;  besides  avoiding  the  labor  of 
pro}>aring  hot-beds  and  transplanting,  the  consequent  checking  of 
groA\  til  (\vliich  will  occur  to  some  degree  under  the  most  careful  ma- 
nipulation) is  jn'ovonted;  and  should  any  missing  hills  occur  in  the 
fioid,  it  will  be  fc»und  a  very  great  advantage  to  have  plants  right  at 
hand  with  which  to  fill  vactint  spaces.  By  dropping  several  seeds  in 
each  hill  a  number  of  plants  are  started;  in  the  early  stages  of  growth 
they  are  subject  to  the  depredations  of  numerous-insects,  which  might 
ijrtn  e  fatal  to  the  stand  were  there  only  a  single  plant  to  prev  on: 
t)iit  with  a  half  dozen  to  each  hill  the  "survival  of  the  fittest  will 
usnallv  be  illustrated. 

For  late  field  culture  the  large  varieties,  such  as  Premium  Flat  Dutch 
or  Marblehead  Mammoth,  are  preferable.  For  planting  as  above 
suKKesied  8  oiiiiees  of  seed  will  De  required  for  an  acre;  if  started  in 
hot-beds  an  oimce  of  seed  may  be  relied  on  for  about  1,000  plants. 
The  ground  for  Cabbages  should  be  made  exceedingly  rich,  as  they 
are  gross  fecnlers.  A  liberal  quantity  of  barn-yard  manure  should 
be  applied  broadcast,  and  sup|)lemented  by  the  use  of  a  good  coM- 
post  in  the  hill,  or  by  commercial  fertilizers  used  at  the  first  and  sec- 
ond hoeings.  Any  manure  is  valuable  except  that  from  the  hog- 
pen. If  this  is  used  so  that  it  comes  in  contact  with  the  growing 
roots  it  is  aj^t  to  produce  the  disease  known  as  "stump-foot."  If 
the  ground  has  previously  been  cropped  with  cabbage,  turnips,  or 
any  of  the  Brassica  family,  this  disease  is  also  apt  to  be  engenaered. 

Cabbage  can  be  successfully  grown  upon  any  good  soih  light  or 
heavy,  upland  or  bottom,  if  sufficient  manure  is  applied;  but  there 
is  nothing  better  adapted  to  it  than  a  strong,  fresnly-tumed  sod. 
Ap})ly  all  the  manure  possible,  in  any  event,  and  thoroui^hly  incor- 
porate  it  with  the  soil  by  deep  plowing  and  thorough  harrowing. 

Mark  out  the  ground  into  hills  3  feet  apart  each  way.  If  compost 
is  used  in  the  lull  mix  it  well  with  the  soil,  drop  thereon  a  naif 
dozen  seeds  and  cover  lightly,  firming  it  well  with  the  hoe  or  the 
foot. 

As  soon  as  the  plants  appear  above  grotind  stir  the  sqjd  lightly* 
betwecui  the  rows  with  the  cultivator,  and  with  the  hoe  loofsen  the 
crust  about  each  hill  and  remove  any  lumps  that  may  have  been 
thrown  upon  the  i)lants  by  the  cultivator. 

When  the  plants  have  attained  the  size  of  a  pipe-stem  they  will 
be  l)(\voii(l  the  reach  of  their  earliest  enemies,  and  all  but  one  good 
strong  })lant  should  be  removed  from  each  hilL 

The  old  rule  was  to  hoe  cabbage  three  times^  during  growth^  but 
as  tlu^y  greatly  relish  tending,  a  better  rule  will  be  to  ctdtivate  as 
often  as  required  to  maintain  a  proper  condition  of  the  soiL  Draw 
the  soil  toward  the  stems  at  each  working,  so  as  to  make  broad,  flat 
hills  about  them.  Should  a  season  of  drought  occur  asthe  heads  are  ^ 
forming  they  will  bo  ai)t  to  harden  preuMiturehr;  then  if  a  hard  rain 
foiloAvs  a  new  gnnvth  will  ensue  ana  the  heads  burst  open.  Upon 
Ww  first  indication  of  this  tendency  go  over  the  entire  piece  and  start 
such  lu^ads  as  are  hardening  by  pressing  them  over  to  one  side^thuB 
loosening  tlu'ir  liold  upon  tne  ground  and  checking  the  rapidity  of 
.their  growth. 
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Tho  insect  eiiCTnios  of  the  cabbage  are  numerous.  Tlie  first  to 
tr()ii})le  it  is  tho  .small,  bhick  cabbage  flea,  which  attac^ks  the  young 
plant  as  soon  as  it  api>ears  above  ground,  eating  small  holes  in  the 
leaves  and  sucking tlie  juices.  It  maybe  prevented  from  doing  much 
damage  by  dusting  the  plants  with  soot  or  witli  air-slaked  lime,  and 
renewing  the  application  whenever  washed  off.  The  leaves,  how- 
ever, soon  become  so  tough  they  can  not  penetrate  them,  and  the  in- 
sects disap])ear  when  the  plants  are  4  or  5  inches  high. 

Tlie  brown  cut-wonn  is  often  troublesome  to  early-planted  cab- 
bage, but  as  it  disapi)ears  about  the  middle  of  June,  the  late  crop  is 
rarely  troul  )led.  This  worm  gnaws  the  stem  of  the  plant  off  just  at 
the  surface  of  the  ground.  There  is  no  efficient  remedy  except  to 
dig  them  out  of  the  hill  where  they  have  manifested  their  presence. 
If  the  seed  is  sown  in  the  hill  as  suggested  they  will  rarely  destroy 
all  the  plants. 

Should  the  season  lie  backward  and  the  plants  become  checked  in 
their  growth,  they  may  l)e  attacked  by  small  green  insects  known 
as  Ajfhidce,  which  soni(.»times  completely  cover  them.  As  these  usu- 
ally occur  in  a  season  of  drought,  tho  best  remedies  (and  prevent- 
ives) are  to  keep  the  cultivator  going,  water  the  j^lants  if  possible, 
and  dust  often  with  air-slaked  lime. 

\  Last  and  most  trmiblc^some  of  the  cabbage  pests  is  the  green  worm 
which  infests  the  plant  at  all  stages  of  its  growth. 

Many  remedies  nave  been  suggi^sted,  in<;st  (^f  them  wholly  worth- 
less, and  some  efficacious  only  occasionally.  The  greatest  satisfac- 
tion will  be  obtained  by  the  use  of  good  pyrethrum  powder  mixed 
with  three  times  its  own  wcjight  of  flour  or  lime  and  appplied  with 
a  bellows.  Four  pounds  of  this  mixture  will  bo  sufficient  to  go  over 
an  acre  once;  but  the  dusting  should  be  repeated  often  so  long  as 
anv  worms  r(»main. 

In  harvesting,  cut  oif  tlui  head  of  the  cabbage  close  to  the  stump 
and  remove  the  coarse  oiiter  heaves.  As  the  crop  can  be  marketed 
by  the  car-load  in  any  largo  city  at  almost  any  season,  they  may  be 
loaded  and  shipperl  as  taken  from  the  lield,  tnus  avoiding  rehand- 
ilng.  If  it  is  desiri^d  to  hold  them  for  a  later  market  they  maybe 
stored  in  a  cool  shed  where  they  will  not  freeze,  or  in  small  piles  m  a 
cool  cellar,  or  ])uried  in  trenchers  in  the  ground.  The  waste  product 
of  th(^  cabbage  crop,  including  the  outside  leaves  and  such  heads  as 
have  not  hardened  sufficient jy  for  market,  make  excellent  food  for 
stock,  but  should  be  fed  to  milch  cows  in  limited  quantity,  as  it  may 
atlect  tho  flavor  of  the  milk. 

BEANS. 

The  culture  of  field  beans  is  already  an  industry  of  great  impor- 
tance in  certain  sections,  and  as  they  can  be  grown  over  a  very  large 
area  of  this  country  tht^v  is  no  reason  why  the  crop  should  not  become 
onc^  of  general  value  to  farmers.  The'  soil  best  adapted  to  their 
growth  is  a  stiff  clay,  but  it  should  be  good  land,  well  manured; 
fresh  yard  nianur(\,  how<^ver,  is  not  advisable,  as  it  will  ca,use  too 
great  a  growth  of  vin(;  at  the  (expense  of  the  seeds.  On  light  soils 
beans  are  also  inclined  to  run  greatly  to  vines  which  droop  down  on 
the  ground,  and  if  a  wet  season  ensue  while  the  i)ods  are  filling  they 
will  mildew.  Upon  a  clay  soil  the  vines  will  grow  short  and  stocky, 
holding  their  i^ods  well  up,  and  the  croj)  will  ripen  earlier  and  more 
evenly.     The  two  kinds  principally  grown  for  a  field  crop  are  the 
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common  white  navy  or  pea  bean  and  the  large  marrowfat.  The 
nuvy  ])oan  is  somewhat  easier  of  culture,  as  the  growth  of  vine  is 
more  compact  and  less  liable  to  lodge,  but  the  marrowfat  will  yield 
more  bushels  per  acre  and  bring  a  better  price. 

Tlio  ground  should  ])e  prepared  as  for  corn  the  latter  part  of  May, 
and  about  June  1  drill  in  the  seed  at  the  rate  of  1  bushel  to  the 
aero,  in  drills  far  enough  apart  to  admit  of  horse  culture.  If  the 
weather  is  favorable  and  the  ground  moist  they  will  be  up  in  a  very 
few  days,  and  as  tluy  grow  very  rapidly  cultivation  should  begin  at 
once.  This  should  consist  in  merely  keeping  the  surface  of  the 
grc)und  w(^U  stirred,  and  should  be  very  thorough  until  the  ^'ines 
cummeiice  to  blossom,  as  it  must  then  cease.  The  blossoms  are  very 
tender  and  are  easily  knocked  off  by  i)assing  between  the  rows,  and 
the  crop  may  l)e  more  hurt  than  helj^ed  by  subsequent  workings. 

As  soon  as  the  majority  of  the  pods  are  ripe  begin  harvesting. 
Tht^  most  satisfactory  method  is  to  pull  the  vines  by  hand  and  haul 
tliem  at  once  to  ])arn  or  shed,  where  they  must  be  piled  up  loosely 
so  the  air  may  circulate  freely  and  j^revent  them  from  accumulating 
dampness,  'they  may  be  most  rapidly  gathered  by  driving  astride 
of  one  row,  and  three  men  working  behind  the  wagon  gather  the 
center  row  and  two  on  each  side,  as  in  corn-husking.  Harvest  them 
only  on  a  dry  day,  and  do  not  begin  in  the  morning  until  the  dew  is 
off  the  vines.  After  they  are  under  cover  examine  frequently  to  see 
that  they  are  keeping  cool  and  dry,  and  when  properly  cured  thrash 
out  with  flails.  A  dry  day  must  be  selected  for  thrashing,  as  bean 
pods  become  tough  or  *'in  case"  whenever  there  is  much  moisture 
111  the  air,  and  the  seeds  will  not  then  shell  out  properly.  After 
thrashing  clean  with  a  fanning  mill,  and  if  there  are  many  discolored 
beans  pick  them  out  by  hand.  Put  them  in  bags  or  barrels  for 
market. 

Beans  may  be  stored  anywhere  and  for  almost  any  length  of  time, 
l)roviding  they  are  kept  dry.  They  may  always  be  readily  sold  in 
any  large  market,  at  any  season,  and  in  any  quantity.  Bean  vines 
make  an  excellent  fodder  for  sheep,  but  are  not  relished  by  cattle. 
Being  vei-y  rich  in  nitrogenous  elements,  they  make  a  valuable  addi- 
tion to  the  compost  heap. 

TOBACCO. 

As  this  is  a  crop  of  increasing  importance  over  a  widely  extended 
area,  ])eing  now  grown  in  nearly  all  the  States  and  Territories,  it  may 
be  made  a  valuable  adjunct  to  the  work  of  many  farmers;  but  the 
directions  for  its  treatment  would  need  to  be  so  exceeding  compre- 
h(  nsive,  covering  the  subjects  of  seed  bed,  soil,  cultivation,  cutting, 
topping,  hanging,  curing,  and  stripping,  besides  description  of  the 
necessary  sheds  for  handling  and  curing,  that  I  have  tnought  best 
not  to  go  fully  into  the  subject  here,  but  to  offer  only  some  general 
suggestions.  A  farmer  who  has  from  1  to  5  or  more  acres  of  deep, 
warm,  loamy  soil  and  has  available  the  requisite  labor  for  hand- 
ling the  crop  almost  constantly  from  the  time  of  setting  the  plants 
(about  June  1)  until  it  is  taken  into  the  sheds  (which  must  be  done 
1)1  fore  frosts  come),  and  again  for  the  processes  of  handling  and 
]»re])aring  for  market  during  the  winter,  will  usually  find  it  very 
pi'otitable.  The  fact  of  being  able  to  use  his  labor  to  .such  advantage 
during  the  latter  season  will  in  itself  be  a  large  item  of  gain. 

Tliosc^  intending  to  engage  in  tobacco, culture  will  do  well  to  study 
the  subject  thoroughly  with  the  aid  of  some  goodtteatiae,  to  consult 
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pnu'lical  K»**»^^'*'^'^>  *^'^^^  ^'*  familiai-iz*'  tluMiisolviis  \\'illi  the  coursed 
llni  markets.  Tlio  most  common  im*lliod  of  tohacrco  ^ro^^duK  in  lliii' 
Koctiou  is  for  ilu^  t'armt'i*  to  t'uniish  tlio  land,  tc^aiii,  and  iinplempnt 
to  lal)ona>,  who  put  IIumtoi)  h\,  cultivate,  and  jn'opare  it  f or  niarkei 
for  oiioliair  1lici>rocee'ls.  In  tliis  arraiigi*mt?nt  tlio  farmer  usually 
tan  ^  better  lliaii  the  I'niter,  as  the  value  of  tlu»  lalior  is  much  moTfe 
thau  e([ual  to  ojushaU'  the  cost  of  production. 

MAKKKT   Ci'ARDKXING. 

We  will  now  ])ass  to  ihr  cojisideration  of  market  ^^ardening  in itf 
j)roper  seiisj-,  /.  r.,  the  cultivatioii  of  veK<-taliles  to  be  sidd  inimeili- 
aifly  in  ilieir  fresh  stale.  Tills  may  j»ro|H*rly  and  advantageously 
he  macle  a  .special  dej)arlm<.*nt  of  the  work  of  any  fanner  who  is 
properly  situali.'d  as  to  availa])h^  markets. 

TlH^  inost  (lesirahlo  location  is  near  a  K<>odtown,  where  the  product* 
may  betaken  as  soon  as  galhei'ed  and  either  sold  to  a  dealer  orre- 
taile*!  direct  tothe  consumer.  This  is  more  profitable  than  grow 
for  shipment  to  distant  markets,  as  cost  of  packages  and  labor ui 
jMickuig  is  avoided;  thiie  are  no  exjavss  charges  or  middlemeii'ii 
commissions  to  pay:  no  losst\'^  from  produce  damaged  during  trans- 
portation, or  from  i-emainin^  in  store  so  lojigasto  bucomo  unsulabia 

It  is  always  wt»ll,  howi'ver,  for  the  ^^-irdener  to  OKtablish  acquaint- 
ance with  a  ^ood  commission  dealer  in  his  nearest  city,  to  wt 
surplus  product^  may  he  st^-nt  in  evt»ut  of  the  homo  market  not  re- 
quiring nis  entin?  sup])ly. 

For  the  market  gar<liMi  t!ie  hest  land  on  the  farm  will  not  be  too 
good;  lit  this  U)V  cultivatioti  as  Avell  as  you  may,  by  draining, deep 
plowing,  thon)ugh  tillage,  and  heavy  manuring,  and  it  will  yet 
])ay  yoTi  to  make  it  better  still.  In  marki^t  gardening  the  last  load 
of  niaiiure  alwav^  ])ays  better  than  the  llrst  one.  Preferably  the 
piece  should  be  levt^l,  and  as  best  adapted  ti>  all  vegetable  ci'Ops, 
shouhl  be  a  «icej),  mellow  loam.  In  ari'anging  for  the  labor  here,  in 
connection  with  tlu*  farm,  thei'e  slundd  Ix.^  at  least  one  hand  detailed 
(whetJier  more  than  one  will  d(»])end  upon  the  extent  of  the  gainleu) 
wliose  sole  <luty  it  is  to  attend  to  this  work,  lie  should  be  tliomost 
intelligent  man  ujjon  the  place.  Robustness  (U'  ability  to  i>erform 
heavy  hibor  i.-  not  ><)  important  as  that  he  should  be  industrious, 
faithViil.  and  vigilant  in  attention  to  minute  iletails. 

Tile  area  to  be  <lcvoti'(l  to  gai*d(MiiMg  and  th(}  portion  for  each  vege- 
table can  best  be  determineil  bv  esiimaling  th(?  amoimt  of  each 
])ro»lur*t  that  a  given  spact?  will  yield.  Thus,  root  crops  to  be  sold  by 
the  bunch,  sucii  as  yuung  beets,  c;'.rrots,  onions,  ])arsuips,  radishes. 
salsify,  and  tnrnij>s.  may  be  avi/raged  at  about  ot)  bunches  to  each 
100  b','i  of  I'ow,  and  of  oiher  \egi-tabhs  as  folk>ws  to  the  100  feet: 

Mcjiiis  and  ik-hs bushels. .      S 

Lettii'c hetads..  100 

Tepl  »»'■•« dozen..  100 

( 'al»i>.i;-'e  aii'l  caiililldW'T heads. .  50 

( 'ele'v bunches. .  200 

Curiiiiil.i-rs dozen..  50 

Swirt  f(H'ii do 8 

ToniatiM? boshds..  5 

I'otatoi-s  do....  2 

This,  of  course,  is  only  an  approximate  estimate  and  merely  in- 
tended as  a  comparativt!  guide  in  making  the  allotment. 
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Of  tlio  .•il)()Vo  tlio  s(hm1s  of  (cabbage,  cauliflower,  lettuce,  pe])pers, 
ct'lcry,  and  toiuatoeB  should  be  started  in  hot-beds,  and  the  hrst 
su|>j)ly  of  radishes,  beots,  lettuce,  aud  carrots  wholly  grown  therein. 
Kailinrss  is  almost  the  chief  (consideration  of  tlie  market  gardener, 
and  as  <;ood  hot-l)eds  are  the  means  by  which  this  end  is  attained, 
too  iniicli  cai'e  can  not  be  given  to  their  preparation. 

For  early  hot-l)tnls  select  a  location  on  well-drained  land,  8lo]>ing 
slightly  to' the  south:  excavate  to  the  depth  of  2  feet  and  pile  the 
(lilt  uj)  evi^iily  about  the  outer  edge.  Then  line  the  pits  thus  made 
at  tin*  sides  and  ends  with  boards,  and  have  them  extend  1  foot 
al><»\  (^  surface  at  the  rear  and  about  8  inches  at  the  front.  Secure 
tliciii  ill  ])lace  by  stout  posts  driven  into  the  corners  and  along  the 
si<!«'s,  and  nail  the  upper  tier  of  boards  to  the  posts;  then  draw  up 
(•los(^  to  tliese  unper  boards  the  earth  that  was  thrown  out  from 
tho  pit,  so  that  tney  shall  be  tightly  banked  all  around.  Ui)on  the 
])oiiom  of  the  pit  throw  some  dry  straw,  litter,  or  coarse  leaves  to 
ki'i'p  the  manure  from  the  cold  ground.  Then  put  in  fresh  manure 
troiii  tli(^  horse  stables  and  pack  it  down  as  fast  as  put  in  until  the 
cntir-'  mass  is  2  feet  deep.  Bear  in  mind  that  the  more  evenly  and 
solidly  the  manure  is  compacted  the  steadier  and  more  lasting  the 
iicat  will  be.  Should  the  manure  be  somewhat  dry,  sprinkle  it 
en()u;4li  as  it  is  put  in  the  pit  to  moisten  the  whole  slightly,  but 
a\()irl  soaking  it.  The  manure  in,  jmt  on  the  sashes  and  leave  the 
bed  three  or  four  days  for  the  first  violent  heating  to  subside;  then 
put  on  the  covering  of  soil,  which  should  be  light  and  rich,  3  or 
1  inclies  deep.  While  glass  is  undoubtedly  the  best  covering  for 
a  winter  hot-bed,  or  for  the  use  of  the  *  *  all  the  year  round  "  gardener, 
it  is  not  essential  for  spring  hot-beds  to  be  started,  say,  the  middle 
of  February.  The  patent  plant-bed  cloth  before  mentioned  will  an- 
swci*  every  purpose.  It  is  much  less  expensive  than  glass,  not  so 
lial)le  to  destruction,  and  with  it  there  is  not  so  much  danger  of  burn- 
ins^  off  the  plants  in  the  hands  of  an  inexperienced  oi^erator.  The 
\n'<[  sluqx^  for  a  hot-])ed  is  a  rectangle,  0  feet  wide,  and  as  long  as 
may  })e  reipiirt^d.  Put  rafters  across  the  bed  at  convenient  distances, 
set  slightly  below  the  edge  of  the  boards,  so  that  when  the  sashes  are 
on  the  top  will  l)o  tightly  closed. 

In  the  hot-bed  it  will  be  found  much  better  to  sow  the  seed  in  rows 
than  to  scatter  it  about.  By  this  means  it  is  possible  to  stir  the  soil, 
if  (le^ired.  to  ])ro]>erly  thin  the  plants,  and  to  remove  all  weeds. 

Adjacent  tt)  tliese  beds  prepare  cold  frames  somewhat  greater  in 
extent,  into  which  the  plants  may  be  picked  out  and  given  greater 
loom  for  develo]>ment,  and  where  they  will  become  gradually  hard- 
ened before  being  ]>lanted  in  the  open  ground. 

For  cold  frame-  the  ground  shoidd  be  spaded  a  foot  deep  and  well 
pulverized  ;  tiien  rake  in  a  liberal  surface  dressing  of  hen  manure, 
guano,  or  rich  compost ;  then  build  a  frame  of  boards  a  foot  high, 
and  closely  joined  auout  it,  and  cover  in  same  way  as  hot-beds.  The 
management  of  a  ccjld  frame  is  very  simple ;  give  plenty  of  light,  air, 
and  nioisiure  ;  cover  at  night  and  on  com,  windy  days. 

The  object  aimed  at  is  not  so  much  to  force  tne  growtli  as  to  get 
the  plants  well  liirnished  with  roots  and  gradually  accustom^xl  to 
t  1h^  open  air. 

About  the  middle  of  February  the  seeds  of  early  cabbage,  cauli- 
llowtr,  celery,  lettuce,  peppers,  and  tomatoes  should  be  sown,  and 
as  soon  as  the  plants  are  large  enough  to  handle  transplant  them 
into  cold  frames,  giving  ample  room  to  earch.     If  crowded  they  will 
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solid  uj)  weak,  spindling  stems  instead  of  developing  the  hardy, 
stocky  growth  tluit  is  desired.  Sow  beets,  forcing  carrot,  and  rarl- 
ishes  very  thinly  in  the  hol^hrd,  and  grow  the  first  supplies  for 
market  there.  More  air  must  be  given  here  than  in  the  prant-l)e<l 
and  a  more  modc^rate  teiTiperature  maintained,  or  the  tendency  will 
bo  to  grow  toj)s  instead  of  roots.  If  found  necessary  to  thin  the 
beets  they  mny  be  i)rolitab]y  trans])lanted  either  into  cold  frames 
or  to  the  opeii  ground.  If  a  market  is  close  at  hand  it  'will  alsoiwy 
very  well  to  s*»ll  the  young  beets  as  ''greens.'' 

I  will  now])roc(.^*Ml  to  notice,  with  brief  cultural  directions,  each  of 
the  principal  veg(^lables  adapted  to  the  business  of  the  market  gar- 
dener, taking  thejn  in  tli(?  order  in  which  they  will  demand  attention 
in  the  sjning. 

The  Kddisli. — This  excelh^it  vegetable,  so  palatable  in  the  early 
soring,  is  so  easily  grown  that  any  directions  for  its  culture  seem 
almost  su])erflii(ms.  The  seeds  may  be  put  in  the  p^round  as  soon  as 
it  can  be  worked  in  the  beginning  of  the  season,  and  succession 
crops  should  be?  sown  U)  i)rovidt5  a  supply  through  tlie  spring  and 
early  summer  months ;  later  there  is  little  demand  for  them. 

Sow  the  seeds  an  inch  apart  in  narrow  rows  and  cultivate  with 
the  hoe  or  small  garchm  plow.  As  soon  as  the  rough  leaf  is  devel- 
oi)ed  thin  to  2  inches  a])art.  and  commence  marketing  as  soon  as  any 
roots  are  larg(3  enough.  Tln'v  come  on  very  rapicfly  and  become 
strong  and  i>ithy  when  left  in  the  ground  too  long.  As  above  sug- 
gested, the  earliest  supply  may  be  gi'own  in  a  moderate  hot-bed. 

Tho  Beef, — This  root  re(iuires  treatment  similar  to  the  radish,  hut 
is  a  much  more  valuable  and  satisfactory  crop.  Sow  the  seed  as  early 
as  possible  in  narrow  rows  and  cover  2  inches  deep.  As  soon  as  large 
enough  to  handle  thin  out  to  J5  inches  apart,  and  reset  the  plants  taken 
u])  at  once  in  (jther  ground  to  come  on  for  a  second  crop.  M^e  suc- 
cessive sowings,  commencing  with  the  Egyptian  Turnij)  Beet  for  the 
earliest  and  following  with  tlu^  early  Bloocl  JBeet  for  main  crop.  For 
fall  and  winter  use  beets  may  be  sown  as  late  as  July  1,  and  they 
are  salable  throughout  the  year.  Like  the  radish,  a  first  supply  may 
be  grown  in  tlie  hot-bed. 

Spinach. — There  is  a  fair  (le^mand  for  this  in  most  markets  in  the 
early  sj)ring,  as  it  supi)lies  the  need  foi'  green  food  until  early  peas, 
beans,  and  cabbage  appear.  The  seed  maybe  planted  as  early  as 
the  ground  can  be  worked.  It  is  often  sowed  broadcast,  but  is  better 
drilled  in  nari'ow  rows,  as  it  should  have  at  least  one  hoeing.  Tlio 
])lants  may  be  left  growing  v(^ry  thick  and  thinned  as  wanted  for 
market.  Spinach  may  also  be  ])lanted  in  the  fall,  protected  by  a 
slight  mulching  through  the  winter,  and  will  then  be  the  first  green 
thing  to  start  in  the  spring. 

Lettuce. — As  this  plant  is  in  es])ecial  demand  during  the  early 
spring  months,  an  out-d(K^r  ])lanting  does  not  usually  come  into  mar- 
ket in  time  to  b(^  of  gi-eat  value.  Hot-bed  and  cold-frame  plants 
sliould  be  ready  for  setting  very  early.  Transplant  them  to  very 
mellow  soil  in  rows  far  enough  apart  to  be  worked  with  a  garden 
])low,  and  have  the  ])lants  a  foot  a])art  in  the  row.  A  sowing  may 
also  b(?  made  in  tlie  open  ground  to  sui)ply  the  later  needs  of  the 
]narket.  Sow  the  secvls  ^Z  or  8  inches  apart  in  the  drill,  cover  lightly, 
aiid  thin  cmt  as  soon  as  the  ])lants  are  above  grcmnd. 

Tlie  Onion. — The  most  proiitabhMuethod  of  growing  the  onion  is 
from  the  seed:  but  the  market  gardt^ner,  to  simply  the  early  demand, 
will  be  compelled  to  use  sets  extensively.     The  ground  for  onions 
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should  always  be  superlatively  enriched.  All  manures  are  good,  but 
til  at  from  the  hog-pen  is  the  very  best.  The  soil  should  be  a  strong 
loam,  plowed  de^^p,  compacted,  and  then  made  very  fine  on  the  sur- 
face. Mark  out  narrow  lines  and  plant  by  merely  pressing  the  sets 
by  hand  well  into  the  soil  about  2  inches  apart.  Keep  them  entirely 
f  r(?e  from  weeds,  and  stir  the  ground  frequently  with  the  hoe  or  gar- 
den plow,  but  not  more  than  an  inch  deep.  As  soon  as  the  bulb  com- 
mences to  swell  and  a  good  green  top  is  developed  commence  pulling 
and  marketing  in  bunches.  For  the  midsummer  market  onions 
may  be  had  by  sowing  the  seeds  of  some  quick-growing  sort,  such  as 
the  White  Queen.  Put  the  seed  in  quite  tnick,  as  only  medium-sized 
l)iil])s  are  wanted.  For  the  fall  and  winter  supply  sow  the  seed  of 
any  of  the  larger  varieties;  keep  the  rows  clean  by  hand  hoeing  and 
wcM^ding,  and  tliin  to  3  inches  apart  as  soon  as  the  stems  are  as  large 
as  a  rye  straw.  They  should  be  sown  early,  as  the  seed  is  slow  to 
<^^erniiiiate,  and  a  long  season  is  needed  for  the  full  development  of 
the  bull).  This  late  crop  may  be  harvested  as  soon  as  the  tops  die 
(h)wn.  Throw  the  onions  in  rows  and  leave  them  to  dry  in  the  sun 
for  tliree  or  four  days;  then  house  them  by  piling  lightly  in  a  cool, 
dry  room.  The  amount  of  hand  labor  requisite  for  the  successful 
production  of  an  onion  crop  from  the  seed  renders  it  advisable  that 
a  l)Os;inner  in  their  culture  should  not  undertake  a  very  largo  area. 
Wlieu  pro])erly  liandled  it  is  one  of  the  most  profitable  crops  grown, 
as  from  000  to  800  bushels  per  acre  is  not  an  unusual  yield. 

The  Carrot, — In  most  small  markets  the  demand  for  carrots  is 
c]uito  limited,  yet  as  with  good  depth  of  rich  soil  they  yield  very 
hugely,  it  will  always  pay  to  give  them  some  space.  For  general 
cro])  the  long  orange  is  the  best  and  most  productive  variety.  I  have 
found  it  best  to  sow  the  seed  upon  ridges  made  as  for  sweet  potatoes, 
as  in  this  manner  the  requisite  depth  of  loose  soil  is  best  attained, 
and  tlie  routs  are  much  easier  to  dig  than  when  wholly  below  the 
lev(4  surface.  Have  the  ridges  as  near  together  as  horse  culture 
will  piTmit;  drill  the  seed  in  by  hand  and  cover  lightly;  thin  to  2 
iiu-hes  a})art;  keep  clean  by  the  use  of  the  cultivator  and  the  hoe; 
(liii:  soon  after  iirst  frosts  by  running  the  plow  along  one  side  of  the 
ridi^c^  and  throwing  the  dirt  away  from  it,  when  tne  roots  may  be 
easily  ])ulled  ])y  hand,  or  thrown  out  with  a  spading  fork.  Carrots 
may  b<^  sown  any  time  fr<3m  the  opening  of  spring  to  the  middle  of 
JuiH\  but  tlie  longer  season  they  are  given  the  larger  the  growth. 
l]('si(h\s  tlieir  value  for  market  tliey  are  exceedingly  desirable  as  an 
addition  to  the  food  of  all  stock.  Tfhey  are  particularly  beneficial  to 
horses  and  colts,  and  when  fed  to  dairy  cows  impart  the  desirable 
golden  color  to  the  butter  withcmt  any  resulting  bad  flavot. 

TJt(  rarsnij). — Parsnij)s  are  decidedly  more  salable  than  carrots, 
t  here  bring  a  very  steady  demand  for  them  in  most  markets  through- 
out llic  fall  and  Avinter.  The  sowing  of  seed  and  subsequent  culture 
may  ])c  the  sanu'.  Unlike  the  carrot,  however,  it  is  oenefited  by 
frost  and  may  ])e  left  in  the  ground  as  late  as  possible. 

Snlsifif. — Th(^  ])roiitai)le  culture  of  this  crop  is  also  limited  by 
n  a^on  (>{'  the  small  demand.  Planting  and  entire  treatment  may  be 
the  saini*  as  for  carrots.  Among  such  as  are  familiar  with  this  root 
ii  is  esic'vined  a  most  delicicnis  vegetable,  and  a  gardener  supplying  a 
Ik  )n\r  market  might  lind  it  to  his  interest  to  introduce  and  cultivate  a 
tasie  and  cons(»(ju(nt  demand  for  it  among  his  customers. 

77/c  J'f  (I. — Tliis  is  a  most  valuable  market  crop  in  all  localities.  It 
is  usually  the  first  of  the  open  ground  croj>s  to  bring  in  cash  returns 
AG  b8 43 
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of  any  jiinoiini.  TIhj  smooth,  haniy  vnriotii^s  may  be  sown  very 
i*arly  and  successive  ])lantin^s  nia<lo  to  carry  tlio  croji  well  into  the 
summer.  During  tlie  liot,  dry  weatlier  of  ni id sii miner  it  will  be 
difficult  to  ^vow  iliom  suc<'essfully  :  but  if  tlie  weatlier  is  favorable 
a  jdantiu^  of  a  very  early  sort,  made  tlu^  latter  jiart  of  August  will 
l)rin^  a  good  ])avin<j:  croi/  for  early  autumn.  The  early  dwarf  kinds 
do  not  ne<'d  busliing,  an<i  in  fact  inarket  j^ai-doners  do  not  often  bush 
peas  at  all  ;  but  the  increjist'tl  yield  to  be  obtained  fi*om  such  as  the 
Marrowfat  and  tli<^  Champion  of  Kngland  will  amply  repay  the  labor 
and  (\\iK'ns(»  of  the  su})i)orts.  An  excellent  arrauji^emont  is  to  plant 
in  double  rows  s  inches  a])art  with  th«  bush  between;  leave  a  si)ac6 
of  ;J  feet  between  ea(di  doubh^  row  for  the  cultivator.  Sow  quite 
thickly  in  the*  row  and  cover  early  iM»as  -^  inches  deep,  and  the  late 
ones  >l  to  4  ineh(»s  ;  cultivate  by  drawing?  the  soil  slightly  toward  the 
stems  at  each  working.  Varieties  are  almost  too  numerous  to  dis- 
cuss In^re  ;  any  pxxl  s(M»d  catalogue  will  give  very  reliable  infonna- 
tion  regarding  various  early,  medium,  and  late  sorts.  Most  of  the 
extra  early  kinds  show  very  slight  variation  from  one  main  tj-pe, 

Th('  Bean. — (Jreen  or  snap  l)eans  arc^  salable  in  all  localities  from 
the  time  of  their  lirst  aj)i)earanco  until  frosts  put  a  stop  to  the  sup- 
ply, and  while  the  later  ])rices  are  not  so  good,  the  crop  will  usually 
pay  well  throughout  the  entire  season,  as  it  is  prcMluotive  and  easily 
cultivated.  Sow  in  rows  far  enough  apart  to  permit  of  horse  culture, 
and  drop  tlie  seeds  '^  inches  a])art  in  th(»  row.  Make  successive  sow- 
ings every  two  we»'ks  u[)  to  the  1st  of  August;  cover  the  seeds 
lightly  at  lirst,  but  det»p(»r  as  the  season  advances.  The  hardiest 
(mrly  kind  is  tln>  Mohawk,  which  will  stand  a  slight  frost,  and  the 
best  are  the  Ked  Valentine  and  (Johh^n  Wax.  Beans  should  be  cul- 
tivated thoroughly  from  tht»  start  until  they  l)Ogin  to  blossom;  but 
never  work  them  when  wr't,  as  any  <lirt  thrown  njKm  the  pods  will 
discolor  them  and  injure  the  sale. 

The  Lima  l^ean  is  not  usually  giv<^n  as  large  a  space  by  the  market 
gardener  as  its  value  will  warrant.  Perhaps  one  rejison  for  this  is 
the  exprnso  of  getting  Ihc^  [)oles  for  any  large  area.  If  the  farmer 
has  a  piec<^  <»f  woodland  where  they  may  be  cut  and  prepared  during 
the  winter  the  expense  will  b<»  mat ei'ially  lessoned.  The  value  of 
tlie  Lima  as  a  greeji  bean  for  cooking  is  ncjt  generally  known.  The 
flavor  isnuM'erich  and  buttery  than  of  any  other  variety,  and  the 
ripe  shelled  beans  always  c<>mma.nd  a  good  ])rice. 

Th<^  greatest  care  is  necessary  in  starting  the  seed,  as  in  cold  or 
wet  ground  it  is  very  liable  to  i*ot.  They  succeed  l>est  in  a  sandy 
loam,  in  which  hills  should  be  j»  re  pa  red  about  June  1,  3  feet  apart 
each  way,  with  a  good  rich  comp(»st  well  mixed  with  the  soil 
Plant  iiv'e  or  six  >ri^{\<,  in  ench  hill,  mei-ely  pressing  them  under  the 
surfa<'e :  <'ultiv;ite  tlioroiighly  and  at  the  fast  hoeing  draw  the  soil 
well  up  about  th(»  vines.  If  ?iot  sold  green,  but  left  for  a  matured 
croj),  iliey  shouhl  be  gathered  hefon»  a  fi'ost.  Pull  the  vines  down 
and  stnck  them  until  well  drietl.  th<Mi  j>ick  olf  the  ptnla  and  shell 
out  by  hand. 

Sii'fff  Corn.-  -While  there  are  juany  garden  crojw  that  will  i)ay  a 
larger  return  ]M'r  acre,  then-  are  few  that  will  ]>hv  better  for  the 
labor  re<[uii"(»d  or  more  surely  yield  a  prolit  than  this.  The  demand 
for  it  is  continuous  throughout  tlie  sumnu'rand  wt41  into  the  autumn. 
The  best  meth(Ml  by  which  to  secure  succession  crops  is  to  plant  first 
a  very  early  sort,  a  little  later  make  a  general  ]jluntiug  of  early 
znediiim  and  late,  and  supplement  this  further  b^  a  xuidsummw 
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planting  of  an  early  kincL  By  this  means  you  will  have  a  continuous 
8up})ly  until  frost.  The  best  early  varieties  are  Cory  and  Early 
Mninosota;  for  niodiuni,  Crosby's;  and  Stowell's  Bvergreen  for  stand- 
ard late.  Early  com  may  be  planted  in  drills  and  auite  close^  but 
the  be^t  success  with  large,  late  kinds  will  be  had  by  planting  in  hills 
3  feet  apart  each  way;  and  three  to  four  seeds  to  a  nul. 

Thf'  Cobhiuje. — The  preceding  pa^ges  have  already  comprehensively 
tri>ate(l  of  the  cultivation  of  ilie  cabbage  as  a  field  crop)  so  that  here 
I  will  only  >^ivo  a  few  suggestions  as  to  its  especial  makiagement  in 
the  market  garden.  Plants  started  in  the  hot-bed  in  February 
and  picked  out  into  cold  frames  and  there  given  room  to  develop 
a  stocky,  hardy  giT>wth  may  be  transplanted  to  the  open  ground 
as  soon  jis  danger  from  severe  frosts  is  passed*  For  medium  crop 
tlie  plants  may  bo  started  in  cold  frames  and  set  in  the  open  ^nroimd 
in  ]Vlay  or  by  the  Ist  of  June.  Of  the  early  varieties  Jersey  Wake- 
Held  is  the  standard  and  best.  These  may  oe  set  %  feet  apart  in  the 
row,  and  in>ws  3  feet  apart,  giving  7>860  plants  per  acre.  Fottler's 
Brunswick  is  a  good  medium  sort,  very  reliable  for  heading.  Plant 
a  little  farther  apart  than  the  Wakeneld,  Using  about  5^000  plants 
per  acre.  Fi*equent  cultivation,  as  before  noted»  and  close  attention 
to  insect  enemies  are  essentials  for  success  in  cabbage*growing% 

TJie  Cauliflower, — Although  somewhat  difficult  to  grow,  w£en  the 
effort  is  attended  Avith  success  the  cauliflower  is  one  of  ike  most 
profitable  Vegetables  for  the  market  gu*dener.  Start  the  plants  in 
an  earlv  hot-bed  and  properly  harden  them  off  in  a  cold  frame  and 
set  in  the  open  ground  at  same  time  as  early  cabbage.  As  the  crop 
is  much  more  valuable  than  the  cabbaoe,  extra  manuring  in  the  hil^ 
extra  cultivation,  and  extra  care  of  ttie  plants  will  be  Well  repaid. 
They  are  subject  to  the  same  insect  enemies  eus  the  cabbage,  but  be- 
yoncl  this  thei-e  are  no  particular  difficulties  in  the  way  during  their 
early  grcnvth.  But  when  the  heads  begin  to  form  the  utmost  watch- 
fulness is  necessary  to  preserve  their  delicate  creaminess  and  curd- 
lik(^  cjiiality.  They  are  then  exceedingly  impatient  of  drought  and 
ext  renio  lieat.  Tliey  should  be  kept  well  Watered  and  the  outer  leaves 
drawn  up  and  tied  loosely  over  tneir  heads*  Btir  the  ground  very 
often  and  keep  it  drawn  up  about  the  stems.  As  soon  as  niUy  formed 
they  nuist  be  cut  and  marketed  at  once  and  without  any  exposure  to 
the  sun,  as  they  rapidly  wilt  and  deteriorate  in  quality.  Qood  cauli- 
liower  always  sells  well  and  commands  a  good  prioe» 

7  h  «  Cu c umber,  — On  account  of  siiipments  from  tiie  South  it  is  usu- 
ally  difiicult  for  Northern  growers  to  get  cucumbers  into  market 
early  enough  to  secure  the  best  profit.  The  demand  ceases' aliaoBt 
entirely  with  the  coming  of  very  hot  weatheTi  and  does  not  recom- 
mence until  autumn,  when  small  ones  are  Wanted  for  pickling. 
Fonun^  is  attendeil  with  serious  drawbacks,  as  the  room  required  m 
a  bed  for  growing  any  number  would  be  considerable,  and  success- 
ful iraiisiilanting  is  very  difficult,  owing  to  the  teudelmess  of  the 
stems.  The  seeds  may,  however,  be  started  upon  sods  inUiebed,and 
after  all  danger  of  frost  has  passed,  set  the  entire  sod  into  a  loose. 
ricli  hill.  For  starting  in  the  open  ground  the  seeds  mav  be  planted 
about  !May  I,  and  again  about  July  1,  for  the  fall  crop  for  pickling. 
Th(>  lulls  should  be  5  feet  apart  each  Way,  spaded  deep  and  Well  filled 
with  good  compost.  Drop  a  half  dofeen  seeds  in  each  hill  and  thin 
to  four  good  plants  when  well  started.  Cultivationconsists  in  keep- 
ing the  ground  loose,  free  from  WeedSi  atid  Well  drawn  up  about  the 
stems.    The  vines  are  often  trouble  in  thd  eajtly  stages  of  growth 
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by  tho  cucumber  flea,  which,  can  be  driven  away  by  dusting  with  air- 
slaked  lime  or  soot;  and  by  the  striped  cucumber  bug,  for  which 
use  arsenical  poisons. 

The  Tomato, — The  ease  with  which  the  product  can  be  handled  and 
the  fjict  that  it  may  be  sold  both  green  and  ripe  renders  the  tomato  a 
favorite  crop  with  all  gardeners.  The  early  prices  are  always  gool. 
and  although  they  may  drop  quite  low  in  September  and  October, 
when  the  bulk  of  the  crop  is  on  the  market,  yet  its  immense  produc- 
tiveness tends  to  make  it  profitable  throughout.  For  the  earliest  pick- 
ing start  tho  seed  in  a  hot-bed  and  transplant  into  cold  frames,  and 
handle  so  as  to  have  the  plants  already  in  bloom  when  put  into  the 
open  ground.  The  usual  method  of  cultivation  is  to  set  the  plants 
level  and  gi'adually  hill  the  earth  up  to  them.  But  a  better  way  isto 
se^t  them  on  the  tops  of  ridges  so  that  the  vines  may  droop  down  over 
the  sides.  This  will  let  in  the  sun  and  air,  and  will  keep  the  fruits 
from  lying  down  upon  the  ground  in  such  manner  as  to  cause  rotting. 
Planted  in  this  manner  the  ridges  should  be  5  feet  ai)art,  and  the  vines 
3  feet  apart  in  the  row.  Undoubtedly  the  best  sort  for  general  culti- 
vation IS  Livingston's  Favorite. 

Green  tomatoes  are  largely  sold  for  pickling  in  tlie  autumn.  If  in 
the  vicinity  of  a  canning  factory  it  would  bo  profitable  to  arrange  with 
it  for  tho  purchase  of  your  surplus  supply  both  of  tomatoes  and 
sweet  corn. 

Turnips. — It  will  pay  togrowthese  only  on  a  limit<*d  scale  forearlv 
niiirket.  The  Early  Purple  Top  Munich  is  the  earliest  variety,  and 
in«'»y  be  sown  in  narrow  drills,  thinned  to  stand  G  inches  apart  in  the 
row,  and  cultivated  with  a  garden  i)low.  For  main  crop  sow  up  to 
tho  Jst  of  August,  scattering  the  seed  lightly  in  anv  vacant  si^aee,  or 
botwoen  corn  or  potato  rows  at  the  last  working.  Tliis  crop  will  cost 
iioUiing  but  the  seed  and  hi])or  of  sowing,  and  if  too  many  are  grown 
for  the  homo  market  th(»y  can  be  shipped  in  bulk  to  the  nearest  large 
city  au(l  usually  sold  at  a  price  which  will  give  a  fair  profit.  Failing 
in  this  they  make  an  excellent  food  for  sheep,  and  may  be  used  as  an 
addition  to  the  rations  of  all  cattle. 

The  Egg  riant. — This  vegetable  is  annually  growing  in  favor,  but 
the  demand  is  not  yet  sufiicientto  make  it  profitable  to  gi*ow  inlar^? 
(juantities  when  cultivated  only  for  a  home  market.  Start  the  seeils 
early  in  a  hot-bed  by  themselves,  as  they  require  a  higher  teral)e^ 
aturo  for  germination  and  greater  warmth  during  the  early  st^igi's 
of  growth  than  almost  any  other  vegetable.  They  must  bo  hanl- 
en(»d  oif  in  cold  frames  very  gradually  and  put  in  tho  open  groiuid 
about  June  1  in  hills  2\  by  4  feet  apart,  and  cutivated  by fretiuently 
drawing  the  soil  up  about  tho  stems. 

Th(^  Pepper. — The  treatment  and  conditions  essential  to  tho  gi'owth 
of  tli(^  pe})per  are  similar  to  those  of  the  e>gg  plant,  excepting  that 
it  matures  more  rapidly  and  may  therefore  bo  sown  somewhat  later. 
Untlrr  favorable  conditions  the  pepi)er  will  mature  if  sown  in  the 
open  ground  so  lato  cis  the  midcile  of  May,  but  it  is  much  bott<^rto 
start  tli(^  ])lants  in  a  bed  and  not  put  them  out  until  the  ground  is 
tlioroughly  warm. 

(■(U  rjj. — This  is  un([uesti(mably  the*  most  profitable  of  all  vegotii- 
blcs  wliich  can  be  grown  as  a  second  crop.  Land  from  which  an 
<'nvly  crop  of  ix^'is  or  potatoes  has  been  tiiken  can  readily  be  fittwl 
i\)v  (M'lri'v:  Tji(}  great  niitids  of  the  plant  are  high  manuring,  careful 
handling,  and  plentyof  moisture.  The  plants  for  an  early  crop  may 
b.  started  in  a  mild  hot-bed,  later  ones  in  a  cold  frame«  and  for  late 
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fall  and  winter  use  sowed  in  a  well-prepared  bed  in  the  open  air. 
In  (ntlior  case  the  soil  of  the  seed-bed  should  be  very  free  from  weed 
S(mm1,  as  the  celery  plant  when  young  is  very  slight  and  difficult  to 
work  about.  Scatter  the  seed  thinly  in  drills  9  inches  apart,  so  as 
to  admit  working  up  the  soil  with  a  light  hoe  or  rake.  As  soon  as 
tlu*  plants  arc  large  enough  to  handle  transplant  into  a  rich,  open 
bed,  sotting  them  in  rows  1  foot  apart  and  the  plants  3  inches  apart 
in  the  row.  As  the  object  of  this  transplanting  is  to  develop  a  stocky 
growth,  the  tops  should  be  shorn  back  once  or  twice  and  the  plants 
well  watered  and  cultivated.  When  they  have  attained  a  height  of 
0  inches  set  them  out  in  rows  3  feet  apart  and  6  inches  between  the 
plants.  This  should  be  upon  ground  particularly  capable  of  retain- 
ing: moisture.  Plow  very  deep  and  work  it  until  the  last  degree  of 
fineness  has  been  reached.  Mark  out  furrows  C  inches  deep  and  set 
th(»  plants  slightly  deeper  than  they  stood  before.  In  taking  up  the 
plants  moisten  the  bed  thoroughly  before  commencing.  Then  insert 
a  fork  well  under  the  plant  and  secure  not  only  the  whole  root  but 
enough  damp  earth  to  protect  it  and  assist  it  to  start  quickly  in  its 
new  location.  Now  give  freauent  clean  cultivation  and,  if  the 
weather  is  dry,  water  abundantly.  In  a  few  weeks  the  plants  will 
comnieiK^e  spreading  and  require  the  first  operation  of  handling. 
This  is  done  by  gathering  the  stalks  closely  together  and  dra^ving 
tlie  earth  u]>  to  one-third  the  height  of  the  plant,  and  there  firmly 
compacting  it.  The  greatest  care  must  be  taken  not  to  let  any  dirt 
fall  into  the  heart  of  the  plant  or  rot  will  ensue.  This  operation 
must  bo  repeated,  as  the  growth  increases,  sufficiently  often  to  keep 
the  stalks  always  well  together.  Gradually  draw  the  earth  higher, 
so  that  by  the  time  their  growth  is  completed  nothing  will  be  visible 
but  the  green  foliage  at  the  top. 

Marketing  may  begin  as  soon  as  the  blanching  is  completed,  and 
th(>  entire  crop  sold  directly,  or  it  may  be  stored  in  pits  and  cellars 
and  sold  throughout  the  winter  and  spring.  The  dwarf  kinds,  such 
as  White  Plume  and  Golden  Dwarf,  are  far  better  than  the  large 
varieties,  as  they  are  easier  to  handle,  usually  blanch  better,  and  are 
mor(3  crisp  and  sweet. 

Rhubarb. — This  is  a  valuable  plant  for  the  gardener,  as  after  a 
bed  is  once  started  it  will  yield  for  a  number  of  years  and  require 
very  little  attention.  Plants  may  be  grown  from  the  seed  or  pro- 
cured from  a  nurseryman.  The  latter  method  would  be  preferable 
i'or  one  engaging  in  its  culture  on  a  limited  scale.  Plants  may  be 
set  either  in  the  autumn  or  spring;  if  in  the  autumn,  a  slight  cutting 
can  be  had  tho  following  season;  but  if  in  the  spring,  no  cutting 
slioiild  be  nuido  that  year.  Rhubarb  is  a  gross  feeder  and  will  thrive 
on  any  kind  of  manure.  The  plants  should  be  set  4  feet  apart  each 
way  and  tho  ground'kept  well  cultivated.  In  the  fall,  after  the  f oli- 
aua»  has  died  down,  cover  the  crowns  of  the  plants  with  a  good  sup- 
])ly  of  rich  compost,  and  in  the  spring  work  thoroughly  into  the  soil 
a  liberal  top-dressing  of  same.  Cut  away  the  seed  stalks  as  soon 
.IS  th(»y  a])pear,  and  the  result  will  be  a  more  vigorous  and  crisper 
<^rowtli. 

Potatoes,— Boih.  Irish  and  Sweet  Potatoes  have  already  been  so  fully 
\  reated  that  further  cultural  details  are  unnecessary  here.  They  are 
lx)th  valuable  crops  to  the  market  eardener,  and  should  have  ample 
space  allotted  them.  The  principtH  profit  is  to  be  secured  from  Irish 
Potatoes  by  having  an  abundant  supply  ready  for  the  very  early  mar- 
ket.   To  accomplish  this,  plant  early,  give  tae  best  possible  cultlTa- 
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tion,  and  us»p  liolli  in  the  drill  and  along  the  row  at  the  first  work 
a  lihf^'rnl  supjily  of  somo  s])ecial  potato-crop  fertiliaor  to  push  tl 
rapidly  forward. 

RAlShVO   PLANTS  FOH  MARKET. 

Tills  is  a  h^^itiniate  hrancli  of  the  business  that  is  too  often  neg- 
h'Oted.  Sonii*.  snem  to  think  that  by  selling  ]daut8  to  others  they  lttwt*n 
thoir  own  market  for  produce.  Oabbage,  tomato,  pt^pper,  and  sweet- 
potato  ])lantsinay  be  most  i)roiitably  grown,  and  mcjst  farmers  or  smidl 
villa^^e  f;:ardoners  who  ch^sire  a  smtdl  supply  of  t]\ese  for  their  own 
gardens  woidd  much  rather  pay  a  good  price  tliau  to  l>ather  with  a 
liot-bed.  The  cost  of  growing  the  plants  amounts  to  very  little  be* 
sides  the  labor,  and  wlif^n  a  gardener  is  growing  a  large  supply  for 
his  own  use  the  labor  of  stai'ting  a  few  thousand  additional  will 
hardly  b(»  tVli. 

The  growing  of  as])aragus,  although  it  is  a  most  valuable  market 


menr  wun  new  mei nous  oi  increasmg  xjieir  proiii;  and  such  woum 
not  gr'norally  in  the  beginning  consider  it  advauta^jeous  to  start  a 
(Top  that  woidd  require  some  years  to  mature,  and  consequently  to 
solve  the  qupstiou  1  hey  are  asking.  The  growing  of  small  iruita  may 
also  enter  ])articularly  into  the  wcn'k  of  the  market  prardener or  smaU 
farTuer.  Of  th(»se,  strawberries  and  blackberries  will  be  found  mort 
generally  prolitable,  especially  by  such  as  aii^  near  a  ^uod  homo 
market, 

MARKETING. 

Befoi-e  the  ojx'iiing  of  the  season  determine  definitely,  by  proper 
investigation,  what  idan  you  will  jmrsue  in  this  respect  and  adhere 
to  it  closely. 

Either  arrange  willi  a  good  commission  dealer  in  your  nearest  city 
to  handle  your  entire  ])roduct,  or  sell  outright  to  your  local  dealers, 
or  retail  direct  to  the  consumer.  Each  plan  has  Its  advantages  and 
tht^  selection  must  dc])eii(l  u])on  thelocation  and  circumstances  of  the 
pro(hu'er.  In  any  event  otVcr  nothiiig  but  fresh  vegetables  for  sale; 
it  will  ])ay  better  to  fcod  it  at  once  to  the  hogs  than  to  offer  any  thing 
of  ])oor  (luality  and  thus  injure  your  reputation.  Before  start- 
ing for  market  ))iit  everything  in  attractive  shape;  tie  roots,  etc., 
in  neat,  well-sliaped  bunches  of  uniform  size,  and  put  other  pi*oduce 
in  boxes  or  baskt.^ts. 

FKKTU.IZING. 

As  it  will  be  futile  to  attempt  the  continuous  production  of  valua* 
ble  cro[)s  unless  due  attention  is  from  the  start  given  to  maintain- 
ing the  fjM'tility  of  the  soil,  this  subj(M*t  is  worthy  of  the  most  stjrioiis 

considei'atioTi. 

Exclusive  ivliauce  on  commercial  fertilizers  is  exceedingly  exi»eu- 
siv(».  aufl  in  many  tt)wns  the  value  of  stable  manure  is  becoming  so 
well  known  that  it  is  very  ditlicult  to  obtain  any  large  supply.  If 
farmers  would  awake  to  tht^  fact  that  they  can  save  and  maniifaot- 
ure  a  vastly  greater  amount  of  fertilizing  material  than  they  now 
do  they  would  materially  .advance  their  own  interests. 
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The  following  table,  showing  the  average  annual  quantity  of  ma- 
nure i)rorliic(»(l  by  certain  of  onr  domestic  annimals,  is  suggestive: 


AnlmaK 


IIors»*s  Ajul  mart's 
0>UsaiulfllllH8  .. 

MuU's 

Bulls  and  oxen. . . 

C\»ws 

Yoiiii}^  cattlo 


Pounds. 


6.048 
4,144 
4,4«0 
0,730 
U,50B 
3,248 


Animals. 


I 

I  Pounds. 


Calves 

Sheep 

Lamos 

8uckinj(p4g8 


1,680 
748 
330 

1,904 
800 


Tims  a  well-stocked  farm,  say  of  100  acres,  carrying  4  horses,  1  colt, 
1  hull,  4  cows,  8  yearlings,  2  calves,  10  sneep,  10  lambs,  20  hogs, 
and  20  pigs  would  have  produced  upon  it  in  one  year  the  enormous 
amount  of  1 41 ,33H  pounas  of  solid  and  liquid  excrement.  Let  this  be 
composted  with  one-fifth  its  weight  of  bedding  and  absorbents,  and 
it  would  give  in  round  numbers  85  tons  of  manure.  Kept  under 
cover  so  as  to  prevent  leaching  and  properly  treated  to  prevent  loss 
of  nitrogen  by  heating,  this  manure  would*  be  worth,  according  to 
analysis  of  the  Ohio  Experiment  Station,  $3.27  per  ton,  or  its  total 
value  woidd  be  $277.95.  The  value  of  this  product,  however,  can 
still  be  gr(»atly  increased  by  carefully  adding  to  the  contents  or  the 
conij)ost  pile  or  manure  pit  the  vegetable  remse  of  tlie  farm. 

Pea,  bean,  and  j)otato  vines,  turnip,  carrot,  and  beet  tops,  straw, 
and  forest  leaves  all  contain  some  decree  of  fertilizing  elements,  and 
the  farmer  or  gardener  who  houses  nis  stock  in  sucli  manner  that 
there  shall  be  no  waste  of  manure,  who  cares  for  it  after  it  is  pro- 
duced instead  of  throwing  it  out  to  leach  away  beneath  the  eaves  of 
the  barn,  and  who  takes  the  trouble  to  combine  with  it  the  otherwise 
waste  ])roducts  of  the  farm  is  the  one  who  will  best  succeed  in  apply- 
ing the  principles  of  intensive  cultivation  to  his  land. 
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By  T.  C.  Duncan,  M.  D.,  Ph.  D. 


"A  car-load  of  ostriches  passed  through  this  city  yesterday**  was 
tlie  first  news  to  many  citizens  that  the  ostrich  indfufftry  was  invad- 
ing our  country.  That  was  four  years  ago.  The  curious  learned 
tliat  tliese  importations  were  all  the  way  from  South  Africa,  and  that 
they  were  not  wild  ostriches  for  show,  but  tajne  ones,  and  on  their 
way  to  California,  where  it  was  hoped  to  naturalize  them  and  farm 
for  feathers. 

The  inquisitive  learned  that  this  cargo  of  giant  birds  was  most 
precious.  Like  valuable  horses  they  were  carerully  confined  in  pad- 
ded (\'irs  and  attended  by  experts.  "  They  are  worth  their  weight  in 
gold''  settled  the  question  as  to  their  value. 

The  visitor  to  California  is  to-daysurprised  to  see  large  troops  of 
native  and  acclimated  ostriches.  The  ostrich  farms  are  at  present 
located  in  southern  California,  near  Los  Angeles  and  San  Diego, 
and  ilwiY  success  establishes  a  new  agricultural  industry  of  great 
promise. 

Most  people  have  read  about  the  ostrich,  "what  time  she  lifteth  up 
herself  on  nigh,  she  scorneth  the  horse  and  his  rider,"  and  would 
infer  that  ostriches  are  untamable.  Ladies  know  something  of  the 
value  of  elegant  ostrich  plumes.  Possibly  they  have  heard  that 
there  was  a  threatened  extermination  of  the  mid  birds  for  their 
plumes,  as  befell  the  buffalo  for  their  skins,  but  did  not  know  that 
tlie  wise  ones  of  South  Africa  set  about  domesticating  this  most  val- 
ua])le  featliered  bird. 

Ostrich  fanning  is  now  one  of  the  largest  and  most  profitable  in- 
dustries of  that  country.  When  we  know  that  the  exportation  of 
feathers  alone  is  annually  millions  of  dollars,  and  tbsA  a  single  bird 
will  produce  each  year  10  i)er  cent,  of  its  value  in  feal^ers,  to  say 
iiotliing  of  the  increase,  is  it  anv  wonder  that  a  "pair  of  breeding 
birds  command  the  fancy  price  of  $1,000  to  even  as  high  as  $2,000, 
and  that  ostrich  farming  is  a  mo^  lucrative  business? 

With  these  facts  before  us  we^can  get  a  little  idea  of  the  enterprise 
and  daring  that  inspired  the  pioneers  in  ostrich  importation  to  the 
untried  shores  of  America. 

Th(^  introduction  of  ostriches  into  Americik  was  slow.  The  atten- 
tion of  a  former  Commissioner  of  Agriculture*  was  called  years  ago 
to  this  industry,  and  he  tried  to  interest  the  Government  in  the  en- 
terprise, but  it  seems  without  effect.  Why  should  not  this  Govern- 
ment have  experimental  farms  for  (ostriches  as  well  as  for  fishes  and 
- — ■ —  --■■-    -^  -  -  -.      ■-      -■■  — — 

*Qeneral  Le  Duo. 


68fi  KKPOKT    OF    TITK    rOMMFSSloN  KU    OF    AOKTCr  J^TITRK 

soods?  KailiT  corn  lias  Ikmmi  introrliu-iHl,  wliy  not  tlio  animal  orlrif 
tliat  lias  hroiii^lit  this  ccni  ])i-(»TnliMMitly  into  iiotico? 

In  Js,sl  imd  iss-j  1h(»  Ainrric-Mi  consuls  to  Algiers,  Cape  Towi 
Buenos  Ay  res,  and  otli<]-  ])()ints  collected  a  niass  of  f  ticts  that  pn 
sentcd  the  Hdvan1a.;^cs  of  ostrich  farniini^  in  a  strong  light. 

Possihlv  these  in([uirics  and  rec()innimidutit)ns  liud  sonietliingi 
do,  dircH-t'ly  or  indinn'tly,  in  wliat  soon  followed. 

TJIK    KIHST   OSTKICU    KAHM    IN    AMERICA. 

The  lii.-toi'v  of  jxliii-h  fanniii;;  in  Anicn*»a  is  al)oiit  as  follows,; 
told  hv  the  hravc  men  wiio  risked  lario'  sums  of  monov  in  the  ent* 
|»risc. 

As  Am*  ricii  to^k  (»n«  -half  of  the  millions  of  ostrich  feathers, 
occuirtul  to  [h\  Charles  J.  Sketchiy,  who  wtvs,  hofore  the  Boerwai 
one  <if  the  lar;^»st  ostrich  farmers  in  Africa,  that  if  ostrichc^S  COQ 
he  successfully  (exported  an<l  naturalized  in  Aninvica  the  profit  won 
)e  immense.     The  duly  on  feathers  wouhl  he  avoiilixl,  tnereby  ad 


and  Omaha  ti)  the  coast:  a  total  <lis(anctM>f  '^;J,()00  miles.  Theorde 
was  a  inost  tryin«^  one,  hut  '-i'^  arrived  in  California  in  fair  conditi< 
and  were  at  onct^  taken  to  Anaheim.  A  con\pany  was  soon  forme 
the  (^ilifornia  Ostrich  Comi)any,  representing  $30,0(X)  capital,  wil 


incnes  inu'K.  ^\n  oniinarj^  lencu  wouiu  uot  rtr»ii$L  tnem,  OS  xnt 
sometimes,  espi'ciallv  \vlu»]i  fritcldened  hy  do^s,  ran  against  it  wil 
great  force.  Ostriches  are  mortally  afraid  of  .do^H,  and  hence  th 
animal  is  pn^hihited  fr<»ni  the  vicinity  of  tin*  ostrich  rauoh.  Tl 
small  inclosures  usually  contain  each  one  pair  of  hirds ;  sometime 
es])ecially  durin.i,Mhe  ]»reeding  season,  two  females  are  i>laoed  vil 
one  cock. 


TJlK   SKCOND   OSTKICU    FAUM. 

The  ai-rival  of  so  large  a  lio..j)  of  ostriches  in  New  York  natural) 
.i*ated  wide-spread  interest.  Al)out  that  time,  or  while  those  o 
riches  wen^  on  their  way  to  America,  another  com])any,  the  Ame 
'•an  Ostrich  (N)mpany,  was  set  on  foot  in  Elaine,  with  Mr.  E.  t 
.  dinson  as  manager.  He  went  to  Africa  an* I  spent  a  year  studyin 
hehahits  and  managc?nient  of  tlu's*'  ''  l)irds,  "  as  thevare  called.  B 
nforms  the  writ"*-  -^''at  ho  ^ta^^  »'^i'  '>"'  l^i'"^s  au(i  '•hmdedatNe' 
)rle»Ms   Decemh.        "^^^n        t"         %•/.>.  ;  ifly-threo  days.     Tl 

*oM  '  ._.       .ivf^  h»ys,  owing  to  delaj 
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at  tlio  Ca|)0.  Ho  was  asKistod  during  the  voyage  by  two  ahipwi*ecked 
sailors.  Xono  dit'd  on  the  voyage.  This  is  remarkable,  and  is  the 
only  instance,  except  wlien  4  birds  were  sent  by  steamer  to  Aus- 
tralia.  Tliey  made  tin*  trip  in  twenty-fonr  days.  The  usual  loss  is 
abont  t>o  pei*  cent/* 

While  at  New  Orleans  nesting  tlie  bir<is  Mr.  Johnson  had  many 
teini)tin<^^  olVrr^  to  h>cate  in  Florida,  Louisiana,  and  Texas,  but  he 
concluded  to  go  to  California,  as  x>erliaj>s  most  similar  in  climate  to 
the  natural  homes  of  the  birds.  He  thei*efore  took  the  Southern 
Pacific  Railroad  and  reached  San  Diego  without  accident. 

Tin  y  w»  re  left  ((.rraled  in  the  city  of  Sau  Diego,  whil^  he  explored  the  county  for 
a  suitahle  IcM-atioii  for  tlioir  permanent  st^ttleinent,  and  which  he  finally  found  in 
tlie  vall(\v  (jf  tlie  San  Lais  Roy,  about  7  inile«  from  the  town  of  Fall  Brook.  Here  the 
cle^ir,  dry  air,  the  ^ood  water,  and  the  shelter  afforded  by  the  Santa  Rosc^  hills  fur^ 
nislied  tlie  j)r<)})er  conditions  for  the  establisliment  of  an  ostrich  fann.  Here  the 
birds  liavc>  tluiven.  the  old  ones  maintaining  api>arently  their  natural  vigor,  and  the 
American-hatclu'd  ))einfi:  ^^  two  yeara  (the  oatrich  uaatures  at  four*  and  five  years  in 
the  female  and  male.  res|iectivel5')  unusually  fine,  both  in  aijso  and  quality  tijf  feath- 
ers. The  hreedini;  birds  are  kept  paired  in  oorrala  of  an  aore  in  extent;  those  of 
one  and  two  years  are  left  a  range  of  some  30  acres  on  the  mesa,  while  the  small 
chicks  are  all<>wed  to  run  with  the  other  dooryard  fowls,  making  a  most  curious 
and  unusual  combination.  A  vi.sit  to  the  farna  repays  the  tourist,  as  one  sees  then 
the  ostrich  in  its  various  stages  of  develoi>ment,  and  in  something  like  its  native 
freedom. 

A  Wilier  descrilje.s  this  second  ostrich  farm  some  time  after  as 

follows: 

Ei^lit  miles  from  Fall  Brook  is  a  bit  of  Africa  dropped  down  between  the  hiUfi.  At 
least  it  HMpiires  but  a  small  stretch  of  the  imagination  to  think  of  the  ostrich  ranch 
as  a  patch  of  tlie  <iark  continent.  A  little  valley  encircled  by  barren  hills,  a  herd 
of  ostriches  fecdin;^.  the  old  a<loU^  where  the  incubators  are  kept,  pomegranate  trees, 
and  passion  vines  <lin\bin;^  over  the  low  house,  all  make  up  a  picture  very  imlike 
tfie  conventional  type  of  American  landscapes.  The  birds  seem  to  take  kindly  to 
their  adopted  home.  There  an*  about  40  kept  at  the  ranch  at  presei^t.  The  old 
birds  are  pla<cd  in  pairs  in  their  several  pens,  and  only  the  young  are  allowed  to 
wand.r  over  I  he  L;r«  niu-  Is.  ( )ne  pair  have  a  nest  hollowed  out  in  the  ground,  and  are 
j)atiently  sitting  «>ii  a  dozen  eg^s,  the  male  liird  taking  charge  nineteeii  houn  out  of 
the  twenty-four. 

DIFFR  TLTIES   OF   ACCLIMATIZATION. 

TIk^  1"hl(  journey  soenuid  to  uft'ect  the  vitality  and  fertility  of  the     . 
])ir(ls  of  l)(»tii  iiii])ort,-itioiis.     Dr.  Sketchly  writes: 

T]\i'  second  year  of  ]ny  expi'riment  with  the  first  birds  imported  I  reared  58  young 

hirds,     S()in<'  of  thcb*'  will  ikjw  soon  begin  to  lay. 

Ill  Africa  there  would  liave  been  200  to  300  increase  iu  thapt  time. 

]Mr.  .rolinsoii  says  tliat  his  birds  wore  selected  breeders,  and  that  he 

was  wi'll  ac([uaintVd  with  them  before  buying,  having  spent  a  year 

on  one  of  tlie  })est  farms  at  the  Cape. 

Yt't  tlie  repnuhutive  ])owers  of  the  birds  are  greatly  imjiaired  by  the  arduous 
trip.  Tilt'  iiureas"  has  hi-en  exeeedinglyslow.  Our  birds  have  been  paired  off  three 
years  an«l  iiiore.and  altliontrh  I  have  a  few  very  fine  two-year-olds,  a  large  propor- 
tion ot  the  e!:j,s  have  thns  far  l>een  unfertile,  or,  when  fertile, not  strong.  Four  of 
the  Atrican  birtis  Iwive  di»'(l  from  eonsumption  of  lungs  and  stomach,  contracted 
on  the  vo\  a;.'e.  My  ex}>erieiKe  is  that  it  ha8  thus  far  (1887)  been  a  long* hard  pull, 
an«l  that  I  am  jnst  beginning  to  see  daylights 

OBSTACLES   t\   THE   WAY, 

To  :[<](]  to  tlu^  (lisroiiratjfeiiu^nt  tlie  i)rices  of  ostrich  plumes  fell  to 
a  small  amount.     TJie  little  bird  feathers  "became  all  the  rage  with 
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the  ladios,  so  the  sale  of  ostrich  phimes,  the  cliief  source  of  incoinr 
in  owtrirli  farmin;^,  was  coiistuiuontly  meaner  ;  but  the  fashion  is 
now  sotting  tho  otlun*  way,  and  clioice  phinios  will  bo  in  good  rloinad 
at  fancy  ])ric*r's. 

HcnrwtMv  45  birds  that  in  Africa  would  have  been  very  prulifj;.  I- 
In  th«.^  first  two  years  OiH)  cg^s  should  havo  been  obtained,  and  jmn  I 
ductal  at  a  low  avcraK<*  40(i  h<.*althy  chicks.  Tho  effect  of  acolimn- 
tion  was  very  tryin*;  to  the  l)irds,  hnt  these  pioneei's  were  not  dauiitt^i. 
A  n(;w  ohstiicha  was,  liowover,  i>hice(l  in  tlie  way  of  furtlier  imjior- 
tation.  Tlie  Soutli  African  ostrich  farmers,  it  is  reported,  ht^cam-? 
alarmed  at  tliis  hir^o  exj)ortati<)n.  Tliey  now  liave,  it  is  estimatc-^i. 
ab(mt  ^ri(),()(U),(K)()  invested  in  this  industry,  and  if  tliey  allowed  hir^a- 
troops  of  })irds  to  ho  freely  sent  to  the  ver^y  land  that  took  every 
year  one-half  or  more  of  their  feathers,  thisnninenso  industry  WDui'l 
be  crii>ple<l.  So  we  are  not  surprised  to  learn  that  the  Cape  Town 
ij:ov(»rninent,  in  Xovember,  ISS-i,  imi)osed  a  duty  of  $500  on  ejicli 
bird  taken  out  of  the  country.  But  tliat  did  not  discoura^^o  Aiueri- 
c«'in  (enterprise.     Dr.  Sketclily  says: 

I  was  so  well  pl<»ius(»d  with  Uw  euten)rist)  that  hist  year  (1880)  I  ^vont  to  Simih 
Afritra  to  imrcliiist*  a  lot  of  pickinl  l)nH?tlin«^  binls  and  returned  with  thoiii  in  April 
I  landed  with  'W  birds,  which  arc  now  doing  well. 

OSTRICHES   AN  ATTRACTION— MORE    FARMS. 

Ostricli  raisin^i:  in  Califtjrnia  now  found  a  new  fiold  and  rcceivctl 
a  new  impetus.  They  became  a  gr<*at  curiosity  to  tho  many  visitors 
that  flocked  to  llie  coast,  and  were  used  to  **l)ooin''  rival  jKniits. 
Tliey  are  certainly  •'a  sight"  worth  seeing. 

In  July,  ISSC),  parties  h-ased  Wasliington  Gai'dens,  Los  Angeles, 
and  Mr.  Cawston  started  at  once  to  Africa  and  selocte<l  a  trooj)  of  44 
l)irds.  He  ])rought  tlu'm  in  a  sailing  vessel,  via  St.  Helena  and  Bar- 
badnes,  to  Galvestr)n.  lf(»  shij)j)ed  tliem  thenc(»  via  Southern  Pacific 
Railroad,  reaching  his  (h'.-ti nation  with  ahout  40  lino  birds.  They 
arriv(Ml  during  the  laying  season,  and  a  writer*  (November,  1887) 
says: 

Prrluips  at  tho  i)n»s('iit  time  tlio  n^ost  attractivf-  pjirt  of  Mprsi's.  CawBton  &  Foxs 
yards  arctfioi)  littl<*  t\vr)-?n(>:itliK  dhl  l>al>ie.s,  a  si^lit  seen  l>y  few  AinrricaUB  and 
well  worth  i^oiiif^  a  loii^  way  to  h»'p.  Tho  writor  saw  them  wlien  a  dny  or  two  ohi. 
and  will  lon^  roincmlMT  tlu'ir  <piaint  ways  and  looks,  tun ihlin^  around  like  little 
chicks,  hut  nearly  th»'  size  of  j^nm  ii  lions,  with  pjray  down  on  their  Imi^kfl^ 

Those  little  oiies  were  IntchiMl  hy  i\:i  ostrich  ln'n.  but  more  Ojjjju^  A%'t*n.»  at  work  in 
an  inenhator,  "27  of  them  in  a  o(M)-«.*»;^j;  niaohino. 

Mr.  (^'awston  says  in  n  letter  to  the  writer  that  ho  lost  t^5  por  cent.. 
)ut  was  favored  with  pai'tieularly  ^ood  weather.  A  friend  of  his 
vho  ini)>orted  a  iro(»i)  lost  ahout  I'tO  X)er  c(»nt.  Those  hirds  do  not 
ieein  to  hear  th(^  eonlintincnt  of  shiphoard.  There  is  no  direct  line 
of  steam-ships  from  this  country  to  South  Africa,  consocjnently  all 
he  imi)ort.ations  have  eonie  in  sailing  vessels  via  South  America, 
md  thence  to  New  York,  New  Orlenns,  or  some  Gnlf  port.  The 
li^h  ex)>ort  tax  of  8oo<)  on  each  hird  will  practically  prevent  any 
•'rth(»r  shipments  from  Ca])(^  Colony,  as  that  will  make  tho  cost  of 
l>irds  not  far  from  $1,000  each  when  they  re^ch  this  country,  es- 
lallv  when  we  consider  the  losses  that  are  apt  to  occur. 
-^•♦n  biego,  not  to  bo  outdone  by  Los  Angeles  as  an  attraction,  ob- 
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tained  from  tlie  Fall  Brook  farm  a  show  of  ostriches  for  Coronado 
Bcacli.     Of  tlieso  a  friend  writes: 

Coronado  Beach,  June  4, 1887. 

Dfak  Sir:  There  are  13  birds  here  on  exhibition;  2  of  them  are  birds  that  were 
iin ported  from  Africa,  and  the  11  others  are  young  birds  that  have  been  raised  in 
San  Diei^o  County  from  the  old  African  birds.  So  you  see  they  are  the  same  kind 
of  birds,  only  they  have  lx»en  raised  in  California.  They  are  of  all  sizes,  from  tliat 
of  a  ])art  ridge  up  to  a  full-grown  ostrich. 

TIu  y  are  superior  to  the  African  chicks  of  the  same  age,  as  their  food  is  better 
tliaii  ill  their  native  country. 

Tlieir  i)hunes  are  very  fine  and  they  enjoy  the  best  of  health.  The  old  birds  have 
been  in  ( 'alifornia  over  three  years  and  are  thoroughly  acclimated  and  in  good  breed- 
ing condition. 

Tluy  do  not  begin  to  lay  till  they  are  three  years  old.  The  oldest  of  our  chicks 
are  not  yet  two  years  old. 

Tlie  female  lays  from  30  to  90  eggs  in  a  year.    The  first  two  years  it  was  hard  to 
raise  the  young  chicks,  but  this  year  we  are  having  good  success.     I  think  it  will, 
be  in  tinit.'  a  paying  business. 
Yours,  truly, 

Til  pro  are  now  six  or  more  places  where  ostriches  may  be  seen  in 
CalilVniiiu,  and  at  four  of  them  are  breeding  camps. 

INCUBATORS  AND   OSTRICH  EGGS. 

One  of  the  i^rreat  difficulties  met  in  this  new  enterprise  was  in  ob- 
t.iiniiii;'  rcliahlo  artiiicial  incubators.  If  the  old  bird  is  allowed  "to 
sii  sln^  will  stop  laying  when  about  IG  egg^  are  deposited  in  the  hol- 
low lu'st  tliey  scoop  out  for  a  resting-place  for  the  eggs.  Then  these 
hi  ids  arc  very  sensitive  and  take  fright  and  off enso  very  easily,  and 
ii"  t  lie  I'LC^'^  Ji^''<-  liandlcd  t^von,  or  the  nest  but  slightly  disturbed,  she 
v.'ill  loi-sakc  the  nest.  Sonu^times  they  will  leave  it  when  the  chicks 
ai»*  nearly  ready  to  break  through  the  shell.  The  risk  in  getting 
cliicks  hatched  is  ([uitt^  as  great,  especially  with  young  birds,  as  it 
has  proved  with  the  incnbators.  various  experiments  were  made 
and  many  eg.i;s  s[)oiled  ])efore  an  incubator  was  found  that  was  at 
all    ]'elial>le. 

The  retaluma  incubator  (see  cut)  has  practically  a  monopoly  of 
tlie  ostrieh-liatehing  ])usiness  in  California.  Eight  different  styles 
..1  niaehiiies  liave  been  tried  at  the  several  ostrich  farms,  and  the 
1%'talnina  lias  i)roved  to  be  the  most  successful.  Three  of  these  ma- 
( liines  are  in  iis(^  at  the  farm  of  the  American  Ostrich  Company,  one 
a  tlie  laiin  (J  miles  from  Los  Angeles,  and  one  is  now  being  built 
r«.r  the  Washington  (xardens  Ostrich  Farm,  Los  Angeles.  The  fol- 
lowing letter  speaks  for  itself: 

IVIouNT  Fairview,  San  Diego  County,  April  14,  1887. 

TjiiALi Mv  iNcrr.ATOR  Company: 

\)\:\n  SiKs:  Your  favor  of  the  8th  to  liancl. and  in  reply  will  say  that  so  fiu*  we 
li;i..  Ii..ir!u<l  SO  per  cent,  of  all  fertile  eg^s;  the  balance  would  not  have  hatched 
ii;>.l.  r  ;Miy  cinimistnnrps,  thi»  condition  of  the  birds  not  beinj!^  favorable  for  thor- 
<  -ii.!!! y  -i  >.  iii  t  ,L^;;s.  AVc  havt>  l(>ht  a  good  many  from  malaria,  but  this  is  in  no  wav 
nil  1  iMiicl  to  the  iiuKliiiR's.  I  hcliove  every  good  egg  placed  in  the  Petaluma  will 
i  t'  h  v.iii  a  tj:o«H I.  strong  rhick.  Wo  now  have  at  the  beginning  of  tliis  season 
'  ;  a--  iiii»>  v<.ung  ostrielics  as  i\rr  were  hatched.  I  can  not  suggest  any  inii)rove- 
i-.t'iit  lor  iiatrliing  ostrich  o^r^'s,  nor  do  I  Ix^heve  that  the  Petaluma  can  be  improved 
;i,  lit  r;all\ .  Tlie  tirst  niachiiu"  I  had  of  you  two  years  ago  is  as  gotni  as  the  day  I 
1  rri\t<l  it,  and  it  has  been  at  work  constantly  upon  fowls'  eggs,  of  which  Mr. 
1  .iiiiplH-ll,  our  lonMnan,  hatelH'd  out  100  per  cent,  when  there  were  no  ostrich 
I  :  -:;s  lor  it.  The  oiher  two  machines  are  also  In  good  tiim. 
Yours,  truly, 

E.  J.  Johnson, 
Manager  Anierican  Ostrich  Company, 
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tlu'  wilds  oi'  Africa  tlu*  crows  havo  Iciiriied  to  crush  tho  ostricli  eggs 
l>y  letting  stones  tall  on  tlieni  from  a  height.  In  Africa  the  emnty 
sfh'lls  are  used  to  carry  water;  a  lu^t-work  of  gi'iisd  is  inutle  so  that 
several  may  f)e  cairieii  at  once.  lu  Calit'oniia  tliere  is  a  rea<ly  sale 
for  the  empty  siiell,  in  snmi^  iustaiu^es  ;is  high  as  ^5  hiiing  paid  for 
them  as  a  curi<)>it  v. 

A  (iLlMI\-vK  OF  OSTKICH  FAKAIINCi  IN  AFKK^A. 

It  may  he  in:ere.->ting  in  this  connection  to  see  ostrich  farming  in 
South  Africa  ihrMUgh  \hv.  eyes  of  Mr.  Leyhmd,*  F.  R.  Q.  S.,  who 

writes: 

FiMDAY,  OcU)l>er  33,  1880. 

A<(()mi)anic  1 1'v  ;i  frit'iid.  I  •irov»Mliis;ift('rncMm  to('ra(M<)ok  Phico.  a  lar^ce  (wtrich 
an<l  slH«|i  tarni  in!«)nj.:in«x  lo  Mr.  I^ciinett,  about  5  iiiiU's  out  of  Port  Elizabeth, 
lir  larm^  o.onu  ams.  ( )\'  tJiis  im'A  2, (KM)  acivs  an>  in  tho  bush,  and  an*  laid  out  in 
••  bn'i'din;^  rain;»."  or  divisions  ol  troni  ."» to  10  acres  each.  In  each  camp  a  pair  of 
])ii.(l^_;i  mall'  ami  r»'!iialt'  is  platvd.  They  are  daily  fed  with  some  i^^rain,  siilt,  and 
eruslH'ti  boc.  -.  ill  addition  to  u  bat  ilu' earn pjj^round  provides  for  them.  Mr.  liennett 
showeil  11^  iln'  Doll- las  patent  lamp  incubator,  then  tliat  of  MiHwrs.  Christy  &  Co. 
(Ser  till.  >  Tlie  liot  watiT  in  tliis  is  supplied  from  an  a<liaoent  lK)iler  every  few  hours, 
tlu'  iiuubator  not  having  a  lamp,  as  in  DougUw's.  It  was  very  intoretiting  to  see 
the  various  drawiMs  puilril  out  as  from  a  chest,  disckwin^  n)WH  of  ostrich  eggs. 
Somr  of  tlieni  wore  just  about  to  bn'ak  and  the  young  birds  to  make  their  apwar- 
aner.  Mr.  H»'inu'tt  said  he  j)nferre<l  to  sell  these  birds  when  three  days  old  for 
i'.")  (^'S))  api^rt'.  ratlu'r  than  keep  them  for  three  months,  when  he  could  obtain  £10 
eacll.  The  siovirs  told  of  "money  made"  through  the  instnunentality  of  these 
binls  are  somctbing  fabnicm^.  Kor  instance,  a  pair  of  gO(Ml  breeding  birds  is  worth 
from  I'loO  (*7r»0i  to  .i'J(M»  (.>1.<HM)).  Till'  munber  of  <'ggs  prcxlmW  varies  consid- 
erably, but  each  f'Mualc  bird  may  reasonably  l)e  eX|K'eted  to  lay  from  40  to  50 
v^'^ii  in  the  yrir.  Tln*re  an*  s«»nie  birds.  1  am  ]jositively  told,  bring  to  their  fortu- 
nate posH-.v-or-t  ai  l<asi  .t'lnu  to  .1".~»<H>  prr  annum,  through  the  nunilKT  of  eggs  they 
jirodiKt'  and  i'V  ;!n*  sale  of  ibi-ir  tVatijers.  Of  eours<',  birds  of  this  breed  would  l)e 
vaMly  morr  cn'tp.-  iv»'  to  buy.  Tiie  fi'afhers  an*  annually  worth  from  £10  (ijUiO)  to 
I'l')  I'sT"))  I  '  r  iii.l.  \s  a  rcMilt  of  various  eonversations  with  those  interesttsi  in 
o>^t^i^•h  faniiiii','  I  avtux  the  follow  ing  notes: 

Tl.o  fariiiin.;  «  I  o- n  i«  Ins  ^rcms  likidy  to  make  mon^  rndio-nl  changes  in  the  iias- 
toial  and  e<»Mnu(  nial  tVatiirrs  of  thi»  country  than  any  otlier  diwovery  or  innova- 
tion iliat  b.as  Ihm'U  made  sinro  tb«' cajM*  was  lirst  disec^venMl,  with  the  exception  of 
tbcojMnin.L:  ui»«>f  tie*  «liamond  ibdds  in  1H()7.  A  n  ostrich  farmer  tiHiially  lays  out  his 
camp  to  a(  rotuiuodate  a  ("riain  numU'r  of  i»airs  of  hnnnling  birds,  giving  to  each 
]»air  an  iiulo-un'  varying  from  I  to  10  acn»s,  acconling  to  the  veldt  on  the  farm 
an<l  thf  hnuili  ol  bi  >  purs*'.  As  a  fact  of  general  exiH'rienee  it  may  be  stated  that 
tlic  lar^zicr  tin-  canips  are  tin*  Utter  will  I  wM  he  success,  both  With  briHHiing  and  young 
birds,  altbou;^!!  many  instances  can  \)0  given  of  successful  ostrich  rearing  on  small 
gard»'n  j^ots  or  \  ards.  Tli(»  fi'atb<*rs  from  breeding  binls  are  generally  more  or  less 
spoili'd  «luring  the  tini*»  of  s«'tting,  but  €10  per  pair  may  be  calculate<d  as  the  usual 
n'turn.  Hn-eding  birds  will  always  re^piire  artmeial  ftH.Miing  to  Some  extent,  more 
grain,  rte..  brim:  nMjuin'd  during  limes  of  drought  than  when  reasonable  rains  cause 
a  luxuriant  growth  iA'  the  ]»lants  nnd  bushes  in  the  cani|)s.  It  may,  however,  be 
salely  <  vtimated  tliat  t'l.")  per  pair  will  eover  the  cost  of  feeding  if  tlie  farm  does  not 
produie  it'^own  Lcrain,  ete.,  in  whiehcase,  of  ooui*se,  the  amount  will  be  pro]  K)i-t  ion- 
at'dy  smalltr.  (  >:h  pliK-king  of  feathers  ]K'r  annum  is  all  that  can  IwexptH'ttHl,  and 
tin-  valu"  of  tl'"  piodiK  e  will  (Utiri  ly  deju'ml  Ujxm  its  quality  ami  the  »«tate  t»f  the 
niarl^t-t. 

\>  rt'-arl-  tin'  -i-^t  of  the  eam|!s,  if  those  devoted  to  bre<.»ding  purposes  are  200 
yards  -(juar.-.  ai.U  tb*'  youn,r  binls*  camp  is  5  mil»»s  around,  theiv  will  1h.»  alM>iit 
s-  inil(sn1  hiM  ni'.:  iiMonstrurt.  whii  b.  if  pro]  K»rly  ma<le  with  |K»h*s,  win*,  and  bush, 
will  eost  i'lnto  i.TiU  p-r  ndlr.  In  a«lilili«m  t«)  thisagiKKl  inculMitor  is  an  absolute 
iH'«(  "^^ity.  w  in<|i.  w  itii  mi^ans  Tor  watering  the  birds,  plucking-housi»,  etc.,  may  be 
put  ilown  at  L'UM». 

Altt  r  a  rapid  run  for  ^ome  dir»lan(«'  along  a  main  road  wo  branched  olf  to  a  farm 
in   tbr  orcujiatioi:  <•»    Mr.  Wynand  Ijouw.      Tins  gent Um nan  had  several  ])airs  of 
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ostriches,  which  he  took  us  to  see.  Tliej  were  inclosed  in  paddocks  about  80 Tsil 
sriuare,  and  in  each  inclrtsure  were  a  inalo  and  female  bird.  These  birds  luTtil 
wonderful  digestion.  They  are  supposed  to  feed  U|xjn  luealies  and  what  theTCEi 
jiick  Up  from  tlie  grass  and  earth  in  the  inclasures.  In  one  or  two  of  the  indoaKl 
we  .s;iw  on  tlie  surface  of  the  ground  nests  of  eggs,  wJiich  the  birds  were  hatchn^ 
Apparently  "  it  was  nice  to  Ix;  the  fat  her, "for  the  male  bird  was  doing  the  8ectiDfs.ai 
Mr.  I»uw  informed  us,  for  sixteen  hours  out  of  the  twentj'-fonr,  thenenbizddoa 
duty  during  the  remainmg  eight  hours. 

KSTIMATED    EXPENSES,    PRO  FITS,    ANT>     INCREASE — CAPITAL,      liTVESTMEXT    TCB  U 

OSTRICH  FARM. 

10  pairs  of  breeding  birds,  at  £loO  jier  pair £1  jlj 

HH)  young  birds,  twelve  to  eighteen  months  old,  at  £20  a  piece . '.  V. . '.  V. V.'  *   '.       J* 
10  brce^ling  camps,  200  yanls  s«j!iare,  1  young  birds'  camp  5  inlies  round 

<?<  pial  to  K.V  miles,  at  £o0 '       Uj 

IiicuUitor,  plucking-house,  etc 111.1!!!!!!!!*       Vd 

Total 4  4« 

■ 

ANNUAL  REVENUE. 

10  ]»airs  bree<ling  birds — 200  chicks  at  £5  each £]  qqO 

FfJitiu'rs  from  same.  10  pairs  at  £1 0 1 !  !  1 !  1 1 ! !  1 1 1 1  'iW 

1«H'»  young  hirds,  feathers  at  £0  each 111!!!!!!!!!  W 

Iiici-ca^ed  value  of  1(X)  yomig  birds  at  £7  10« '.'.W .'."!.'!!!!  TSft 

Total ,  2  450 

ANNUAL  EXPENDITURE. 
l-\*c<ling MM 

■wy        ^       ^  r  •I* 

ICcnt  of  farm 2iS0 

SiiiK'rintendcnce !!."!! 150 

CN-'Utingencies *-!!!! 200 

Tofal ^ 

Dcducrt  this  annual  expenditure  of  £750  from  the  estimated  annual  rereniie 
an<l  it  l<':iV('S  a  net  return  of  £1,7(M),  or  42A  iH*r  cent,  on  the  capital  invetstment 

A»iothtr  large  source  of  n-vonue  may  alsr>  I  m>  mentioned,  name]  v  the  rearimr  of 
chi^kt-ris  inst«'ad  of  selling  th«MJi  as  hatclunl  for  £.")  each:  hut  as  a'^proportionii^T 
i:;n  ai  risk  is  run,  the  estimate  given  above  is  the  ni(Mt  relliible.  The  risk  of  kK, 
linvi'vcr.  during  the  lirst  few  weeks  of  their  existence  is  very  j^reat  and  madiex- 
peri^Mice  and  care  are  rt*riuired  for  su<-<,*ess  in  this  brain:h  of  the  industry  as  wdlas 
an  anijile  supi>Iy  of  green  f(K)d  of  jjarticular  kinds,  which  can  not  al^iravs  be  crown 
Oil  aerount  of  want  of  water  or  unsuitable  soil.  ^         * 

Wjiat  return  do  binls  give  on  the  <'apilal  invested?  TliiH  would  be  the  first  mic- 
tion askeci  liy  any  i>ne  thinking  of  going  in  for  fanning.  It  is  a  question  very  lew 
evtMi  of  tlios*'  that  have  In-en  at  it  si»nie  years,  could  answer,  and  of  \i-lueh  the  mI^ 
lie  have  the  most  wild  ideas,  or  elhe  the  j)n»moter  of  the  joint-stock  comi)aiiies1^ 
have  Im'(^ii  lately  started  in  all  directions  would  never  have  the  barefaceaness  to  ad- 
vertise jn'osiM'ctuses  ])romising  the  i)ublic  from  40  to  100  i)or  cent,  per  annum  on 
their  in\eMmeiit.  iiichuliiig  in  this  even  tli**  ca]»ital  sunk  ui  laud,  buildinir  dams, 
et<-..  which  give  no  direct  return,  and  which  in  England  would  represent  the  land- 
hujl's  invi'Minent,  and  wiii<']i  is  sul)jeei  to  scarcely  any  risk,  the  fencinc:  building, 
v.a'.vi.n-.,  et<'..  iM'ing  the  only  part  subj<vt  to  natural  decay.  A  return  on'the  whow 
«»f  this  ])artol"  the  eajntal  of  10  jn-r  cent,  jht  annum  would  be  a  good  return  — 
l)«;i»fL.vs. 

The  ostricli  industry  b<^y:iiii  in  C:q>e  Colony  in  1805  Avith  85  binis, 
l)i:t  wlicn  ii  (b'cadc  ]ia<l  rolled  around  tlio  ini ml )er  had  increased  to 
•ii.*M7  osiriclics.  Tlu»n  tlio  industry  bo^an  to  attra<'t  general  atten- 
tion. TJin  dcmaiid  fur  birds  for  farinin;^  purposes  was  so  irreat  es- 
pecially- for  tli(^  next,  few  years,  thai  fabulous  prices  were  realized  by 
IIk^so  avIio  Juid  bin  Is  to  sell. 
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The  increase  in  Africa  is  estimated  at  about  20  chicks  each  year  to 
a  pair  of  breeders.  So  we  can  see  that  the  increase  is  at  a  rapid  rate, 
although  the  proportion  of  pairs  of  breeders  to  young  birds  is  ver;yr 
small.  Allowing  them  to  double  every  five  years  there  are  now,  it 
is  estimated,  upwards  of  100,000  ostriches  in  bouth  Africa. 

Having  taken  this  hurried  glance  at  this  new  and  profitable  indus- 
try, a  careful  study  of  the  ostrich  will  be  next  in  order. 

THE  OSTRICH  FAMILY. 

The  ostrich  is  a  noble  bird  of  giant  form.  It  stands  about  8  feet 
high  when  full-grown,  and  in  the  wild  state  defies  the  horse  and  rider. 
Its  rich  plumage  has  been  adopted  as  a  part  of  court  dress. 

The  ostrich  familv  is  represented  by  four  species,  viz,  the  Ostrich  proper  (Stru- 
thio  cameliis),  the  Rhea,  the  Emu,  and  Cassowary.  Some  naturalists  give  a  fi|th, 
viz,  the  Apteryx,  inhabiting  New  2^1and;  but  this  we  consider  a  mistake,  as,  al- 
though it  possesses  many  of  the  characteristics  of  the  ostrich,  it  differs  from  them 
so  much  in  other  respects  as  to  exclude  it  from  the  family.  The  family  differs  from 
other  birds  in  having  only  rudimentary  wings,  unadapted  to  flight;  m  having  the 
barbs  of  the  feathers  of  equal  len^h  on  each  side  of  the  quill,  and  of  such  a  nature 
as  to  deprive  it  of  the  means  of  flight,  and  in  having  the  Dreast  rounded  like  a  bar- 
rel, instead  of  being  like  a  keel,  as  in  birds  of  flight.  The  ostrich  proper  is  distin- 
guished from  the  other  members  of  the  family  by  being  the  only  one  witii  two  toes; 
by  being  twice  the  size  of  the  others;  by  its  eggs  averaging  upwards  of  8  pounds  in 
weight,  whilst  the  othei*8  barely  average  li  pounds;  by  the  head  and  neck  being 
bare  of  feathers;  by  the  beauty  of  its  plumage,  the  only  other  member  of  the  family 
producing  feathers  of  any  marketable  value  being  the  rhea. 

It  is  indigenous  to  the  whole  continent  of  Africa  and  is  also  found  in  Arabia,  but  in 
tlie  latter  it  is  now  nearly  extinct.  The  rhea,  or  South  American  ostrich,  has  three 
toes  and  no  tail,  and  produces  feathers  somewhat  similar  to  the  chicken  feathers  of 
the  ostrich  proper.  They  are  known  in  the  trade  as  "  vantour  "  or  v^ture  feathers, 
being  worth  from  4s.  to  §0s.  a  pound.  A  curious  case  of  swindling  cflibe  to  light  last 
year  m  Port  Elizabeth,  where  a  man  largely  engaged  in  the  feather  trade  imported 
large  quantities  of  tiiese  feathers  and,  mixing  them  up  with  the  inferior  kinds  of 
white  and  gray  ostricli  featliers,  sold  them  again  as  ostrich  feathers  at  an  enormous 
profU,  (OTiinletely  deceiving  the  colonial  buyers,  the  matter  not  being  discovered 
till  the  leathers  got  into  the  hands  of  the  London  manufacturers. 

The  rhea  inhabits,  in  viist  numbers,  that  part  of  South  America  which  lies  south 
of  the  equator  and  east  of  the  Andes  Mountains,  extending  down  to  the  Straits  of 
^aiaKellan,  thus  reaching  to  18  de^ees  nearer  the  pole  than  the  ostrich.  It  is  being 
rapidly  destroyed  for  the  sake  of  its  feathers,  which  are  being  exported  in  enormous 
quantities,  principally  to  North  America  and  France.  The  e^  of  the  rhea,  like  the 
ostrich,  is  cream-colored  when  fresh  laid,  gradually  turning  ouite  white. 

The  emu  inhabits  the  whole  of  Australia,  and  Australia  omy.  It  has  three  toes, 
is  of  a  brown  color,  the  feathers  being  of  a  crisp,  hairy  nature,  and  of  no  commer- 
cial value.  Its  eggs  are  very  handsome,  being  of  a  deep-blue  color,  and  much  in- 
dented. It  has  all  the  habits  of  the  ostrich.  Tn.e  plumage  of  the  two  sexes  is  of  the 
same  color.    It  is  fast  being  destroyed  as  the  country  gete  filled  up  with  sheep. 

The  cassowary  is  found  sparsely  in  Northern  Australia,  some  paris  of  the  Malay 
Arcliipelago,  and  in  the  Sv>uth  Pacific.  It  is  distinguished  from  the  other  members 
of  the  ostrich  family  by  a  large  homy  excrescence  on  its  head,  and  most  of  the 
species,  of  which  there  are  several,  have  one  or  two  wattles  suispended  from  the 
neck.  It  stands,  Hke  the  emu,  about  5  feet  high,  is  of  a  very  dark-brown  color, 
hii^  Iiairy  feathers  of  no  value,  is  quite  wingless,  and  lays  a  light  greenish  eg^. 

The  whole  tribe  are  known  for  their  excessive  shyness  and  tunidity,  witiiout 
which,  in  the  struggle  for  existence  in  the  world,  they  would  ere  this  have  ceased 
to  exist,  from  being  deprived  of  the  lowers  of  fiii^ht.  We  have  taken  this  glance 
at  the  other  members  of  the  family,  as  it  is  essential  that  the  ostrich  farmer  should 
know  thus  much  of  them. 

PECULIAR  ANATOMY  OP  THE  BTBUTHIO  CAMELUS. 

We  will  now  glance  at  the  anatomy  of  the  ostrich. 

The  leg,—^io^t  people  call  the  joints  by  their  wrong  names.  The  ostrich  walks 
on  its  toes;  what  is  commonly  called  the  ankle  joint  is  the  second  toe  joint  of  man. 

AG  88 44 
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The  Bo-called  knee  joint  corresponds  with  the  ankle  joint,  and  the  MHsaDsd  tlii^ 
where  we  brand,  with  the  calf;  the  proper  tliigh  beiLg  the  short  tbkk  boneabon 
this.  TMs  is  the  usual  formation  of  all  swift-Footed  animals,  the  part  tnm.  irts 
most  farmers  call  the  knee  downwards  being  the  foot,  the  heel  being  ezooediB^ 
long.  It  is  very  advisable  that  farmers  shomd  remember  this,  so  that  in  deaeribHi 
to  each  other  malformations  or  injuries  there  should  be  no  confusion;  so  we  Inn, 
first,  the  first  toe  joints  second,  the  second  toe  joint;  tliird,  the  ankle  joint;  fomth, 
the  knee  joint,  above  the  place  we  brand;  fifth,  the  thigh  joint.  The  leg  is  cash 
broken,  either  with  a  blow  or  when  they  are  dancing,  when  there  is  nouungfori 
but  to  kill  them.  They  are  also  subject  to  spraining  the  ankle  joint  and  instep,  for 
which  the  best  remedy  is  cold-water  bathing  and  amioa  lotion.  We  have  had  tba 
put  the  ankle  joint  completely  out;  if  seen  to  at  once  this  can  be  easily  DoUed  b. 
and  a  few  hours'  cold  bathing  and  leaving  them  in  a  dark  stable,  so  t  do 

not  use  the  leg,  will  put  them  all  ri^ht  in  a  couple  of  days.     Th^  wiL 
get  tumors  on  the  leg:  these  are  easily  opened  and  removed,  then  the  i>««i- 
be  well  cauterized.     Young  birds  will  sometimes  get  a  staggering  gut,  ]     u 
the  legs  together  as  they  walk;  this  is  the  after-effect  of  die  burds  havj 
some  poison,  and  although  they  may  bve  for  a  long  time  iiiey  will  g 
worse  and  die. 

The  wing,  which  constitutes  nearly  the  whole  value  of  the  bird,  is  0sx» 
small,  and  the  feathers  are  unadaptea  for  fii^ht,  but  in  other  reflnpeota  it      jc 
They  are  rather  subject,  especially  as  young  birds,  to  put  oat  the  nnt  as        J] 
which  is  known  by  the  wing  himginf^  down.    It  is  easily  pulled  h 
should  be  at  once  tied  to  the  other  wmg  over  the  back  and  left,  w         n,  ^mu 
get  right  again. 

Tlie  heaa  is  exceedingly  small,  and  consequently  the  brain  is  small  also, 
has  been  calculated  to  be  m  the  proportion  of  1  to  1,200,  as  compared  with  ite  n 
body,  whilst  the  eagle's  is  as  1  to  160,  and  the  parroquet's  as  1  to  45;  and  yet  the  bod 
is  an>i:hing  but  stuj^id,  as  everv  man  must  own  who  has  seen  it  breaking  open  tls 
shell  to  let  out  a  chick  that  is  fast  inside,  or  has  seen  it  managing  its  chicks. 

Tlie  eye  is  the  only  organ  of  the  head  usually  subject  to  disease.     In  all  eaisi 
there  is  nothing  like  pnourmg  in  a  lotion  of  sulphate  of  zinc,  and  repeatixi^  it  ef»* 
stantly,  as  much  as  will  lie  on  a  shilling  to  a  quart  bottle  of  water  is  the  i 
required.    Ants  have  been  known  to  attack  little  chickens  and  nearlj  Uind  «  •* 
brood,  which  were  all  saved  with  this  treatment. 

Tfie  neck  is  ilbiarkable  for  its  great  length  and  for  its  formation,  allowing  the 
to  turn  its  head  completely  around.    They  are  very  apt  to  get  bones  sto^ 
swallowing ;  if  they  can  not  be  forced  up  again  an  incision  should  be  made,  tlw  •»» 
removed,  and  the  place  sewed  up,  when  it  ^all  quickly  heal. 

The  heart  Ues  immediately  under  the  junction  of  the  neck  with  the  body.  Thej 
are  very  subject  to  dropsy  of  this  organ,  or  what  is  cotnmonly  known  as  water  on 
the  heart,  which  will  be  treated  of  wnen  considering  worms. 

The  lungs  lie  along  the  backbone,  extending  down  the  ribs,  but  not  adhering  to 
them.  They  should  ne  of  a  beautiful  vermilion  color.  When  diseased  or  congmod 
it  will  be  known  by  their  black  api^carance,  and  by  the  clotted  blood  found  insldei 

The  liver  comes  immediately  behind  the  heart.  "There  is  no  gall  bladder."  hi 
health  it  is  of  a  deep  plum  color,  with  a  beautiful  fiush  on  it,  and  is  remarkaUa  te 
its  inviting  look.  These  constitute  the  oi^^ans  protected  by  the  ribs,  and  ars  mif^ 
rated  from  the  remaining  organs  by  the  diaphragm  across  the  body. 

The  gizzard, — Continuing  our  course  from  head  to  tail,  wenexthaTe  tfaegissard| 
or  the  mill  where  the  food  is  ground  up.  This  should  always  be  hard  anoMft  fls 
stones.  It  is  subject  in  disease  to  get  flabby,  and  consequently  to  allow  the  stoofli 
to  pass  into  the  intestines  and  out  in  the  dung,  as  they  snould  nsTSr  do  if  the  faiid 
is  in  health. 

The  stomach  is  the  organ  into  which  the  food  passes  at  once  when  swallowed,  ft 
corresponds  with  the  crop  of  other  birds.  It  is  here  that  the  juices  are  given  out  tp 
the  food  from  small  cells  dotted  over  a  portion  of  the  stomacn,  and  it  is  the  seat  4 
one  of  the  most  formidable  diseases  that  have  vet  appeared  (see  Worms).  Ttonx  flis 
stomach  the  food  passes  up  into  the  gizzard,  and  from  thence  into  the  intestines.  Tbs 
stomach  and  the  gizzard  are  united  together,  and  held  by  a  diaphragm  to  the  left 
side  of  the  bird,  to  the  left  side  of  the  backbone,  and  to  the  diaphragm,  which  divldfli 
the  body  in  two.  Thus  the  rif^lit  side  of  the  body,  when  the  stomach  is  empty,  has 
in  it  only  tlio  first  Bniall  entrail ;  when  the  stomach  is  full  it  extends  neany  from 
side  to  side.    These  are  points  to  bo  borne  in  mind  when  considering  canonismg. 

The  intestines, — Those  are  roughlv  divided  into  the  small  and  large  mtestineSyOr 
otherwise  the  upi)er  and  lower.  Tlie  small  intestines  extend  ftom  the  gisMid  to 
the  **coeca"  (otherwise  known  as  tlie  two  blind  stomachs  from  their  havmg  noom^ 
let).    In  the  small  intestines  the  food  is  converted  into  what  is  OilMo^Sl.   ftil 
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bero  we  find  the  tape-worm.  From  the  "  cflBoa"  the  large  intestineB  begin.  Firgt, 
wo  have  the  maniply,  or  what  oorreepondB  in  cattle  and  sheep  to  the  book  paunoh. 
From  the  maniply  we  pass  on  down  thelarge  intestines  to  the  rectum.  It  is  in  the 
Uittor  that  we  get  constipation,  or  stop  sickness,  which  is  so  fatal  to  the  Ostrich* 

Tlie  testicles  of  the  male  or  the  ovarimn  of  tne  female  lie  opposite  the  stomach, 
and  under  the  hump  in  the  backbone,  to  which  they  are  suspenaed. 

TJie  kidneys  are  exceedingly  large,  extending  along  the  backbcme  from  the  tes- 
ticles to  the  Uadder. 

Hie  bladder  lies  just  below  the  rectum,  and  is  nothing  more  than  an  enlargement- 
Df  the  extreme  end  of  the  intestines.  (The  ostrich  is  the  only  bird  that  annates.) 
The  penis  is  curled  up  in  the  bladder. 

Tlie  bones  of  the  ostrich,  as  in  other  birds,  are  hollow.  The  age  to  which  an  ostrich 
can  live  is  unknown.  It  has  been  usually  supposed  to  be  very  ffreat,  possiblv  a  hun- 
dred years,  as  some  people  assert,  though  we  beUeve  this  to  be  guess-work,  'thid 
usual  calculation  for  animals,  that  of  six  times  the  period  it  takes  to  arriye  at  ma- 
turity, would  fnve  it  twenty-four  years,  but  we  are  inclined  to  think  that  it  reaches 
a  greater  age  than  this. — Douglas. 

The  age  to  which  ostriches  will  attain  is  a  matter  of  considerable 
conjecture.  One  writer  estimates  that  some  of  the  ostriches  may 
reach  the  advanced  age  of  one  hundred  years,  but  that  is  something 
like  the  estimates  of  profits,  very  unreliable.  Dr.  Sketchly  is  re- 
ported as  giving  an  instance  where  a  pair  of  ostriches  had  produced 
eggs  from  whicn  as  high  as  50  chicks  had  been  hatched  each  year 
for  years.  They  were  then  about  twenty  years  old.  The  usual 
growth  of  feathers,  where  these  birds  are  plucked  annually,  as  well 
as  the  largo  number  of  eggs  produced  where  the  bird  does  not  set, 
must  affect  the  vitality  of  tne  old  birds  as  well  as  that  of  their  future 
progeny.  Possibly  a  cross  with  the  American  rhea  might  improve 
the  vitality  and  fertility  of  the  ostrich,  but  the  effect  on  the  plumage 
might  be  serious.  Here  is  a  field  worthy  of  the  attention  of  tte 
ostrich  farmer.  Inbreeding  must  of  necessity  tend  to  make  them 
liable  to  disease, 

DISEASES  AND  DSFB0T8. 

That  ostriches,*  like  other  animals,  should  have  their  diseaaeSi  Is  only  what  might 
:)o  expectoJ;  the  treatment  of  these,  however,  is  but  imperfectly  understood.  In 
lie  majority  of  cases  wliich  have  terminated  fatally  death  appears  to  have  resulted 
from  disease  of  the  lungs,  the  cause  of  which  has  not  been  Baasfactorily  ascertained. 
Cold,  damp,  ill-ventilated  pens  perhaps.)  Parasites,  both  external  and  internal, 
?xiHt ;  of  the  former  class  two  species,  both  suctorial,  have  been  detected ;  but 
ilthoup^Ii  they  produce  the  usual  discomfort  and  irritation  they  do  not,  ao  |hjr  aa  has 
>oen  observed,  cause  any  direct  injury  to  the  feathers.  Apparantly  no  application 
>f  ''  insect  powder"  avails,  but  a  httle  bran  mixed  with  the  food  has  been  found 
lonoticial,  as  promoting  a  healthy  condition  of  skin.  Of  the  intomal  panudtaa  an 
intestinal  worm, known  as  the  ''wire- worm,"  from  its  form  and  harmesa,  is  the 
iiost  troublesome,  and  the  only  one,  it  would  seem,  that  proves  fataL  The  anti- 
iote  is  castor  oil.  A  singular  defect  in  the  feathers,  well  known  to  thoae  who  have 
rccpt  hawks,  and  called  by  them  **  hungeT  traces,"  is  observable  lUso  in  the  ostrich, 
)ut  only  in  tame  birds.  It  appears  as  a  line  of  imperfection  aoroaa  the  web  of  each 
\ather,  chiefly  in  those  of  tne  win^;  while  on  the  shaft  the  mark  maybe  not 
)\\\\  seen  but  felt  as  a  slij^htly  proiecting  ridge.  The  injurr  from  this  cause  is 
u)inetimos  such  as  to  occasion  the  feathers  to  break  off  at  the  **  hunger  traces," 
md  it  is  not  imDrobable  that  the  mark  seen  on  the  web  Is  in  foot  owing  to  the 
jrralvinp:  off  of  all  the  fine  fibers  of  the  web  in  the  line  of  the  trace. 

Ostrich  feathers  thus  marked  are  said  to  be  *  ^  bitten,"  a  term  which,  like  the  French 
equivalent.  ''  coup  de  bee,"  conveys  the  erroneous  idea  that  the  injury  is  caused  by 
;he  bird's  o vvn  beak  or  by  that  of  its  companions.  Now,  it  is  well  known  to  falconers 
hat  in  hawks  this  defect  arises  from  the  want  of  proper  and  sufficient  food  (hence 
;he  term  '*  hunger  trace  ")  at  some  period  during  the  flprowtii  of  its  feathers ;  and 
;hcre  can  be  little  doubt  that  this  is  so  in  the  case  of  the  ostrich.  It  occurs  most 
'reciuently  in  time  of  drought,  when  the  birds  are  unable  to  procure  their  natural 

*  Harting  on  Ostriches. 
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diet  and  have  to  be  fed  on  maize  or  such  other  dry  food  as  I0  moBt  eagSij  oHim 
blc\  Thid  produces  an  unhealthy  condition  of  skin,  and  experience  has  abownthit 
the  remedy  lies  in  the  cultivation  of  Prickly  Comfrey,  "whicb  not  only  withstndi 
drouglit  well,  but  furnishes  the  birds  with  excellent  food,  ^^ell  suited  to  their  n* 
quirements. 

These  birds  i^dth  "  barred ''  and  coarse  feathers,  with  distorted  quills,  are  nlmed 
off  on  the  unitiated.  An  ostrich  dealer  in  Africa  informs  the  ^writer  tliat8ii£bMi 
are  discarded  by  experts,  but  he  fears  that  some  of  them  may  find  their  mj  tt 
America ;  in  fact  have  been  purchased  for  the  export  trade. 

It  is  simply  a  matter  of  impossibility  for  an  ine^roerienced  man  to  seiedi  eStts 
birds  or  feathers,  and  any  one  in  the  ostrich-feather^  trade  "will  oovxobonte  this 
statement. 

Further,  one  should  be  very  careful  not  to  introduce  that  fatal  diseaaSp  tape^wonn, 
into  an  ostrich  camp.  If  one  bird  contracts  the  disease  the  others  are  soon  in  tiie 
same  condition ;  this  they  acquire  by  swallowing  the  excrement  of  the  infected  biid. 
The  mortality  is  very  rapid  when  it  once  sets  in. 

WHAT  OSTBICHES  EAT. 

Ostriches  are  not  expensive  to  keep  [says  Mosenthal],  for  during  the  greater  w- 
tion  of  the  year  the^  can  find  enough  to  live  upon  in  their  inclosuies,  anait 
other  times  only  require  a  little  Indian  com  or  beans,  and  some  additioiDal  gna 
food  in  l^e  shape  or  lucerne,  all  which  can  be  erown  on  the  farm. 

In  Algeria  Captain  Crepu  f oimd  that  the  birob  throve  well  on  barley,  freeh  gnfl^ 
cabbage,  and  the  leaves  of  the  cactus  or  Barbary  leaves  chopped  fine.  He  reooni' 
mends  about  8  pounds  avoirdupois  of  barley  a  day  for  each  bird,  and  gzeen  food 
according  to  circumstances.  In  winter  and  during  the  breeding  i^eagftn  a  more 
plentiful  supply  than  usual  should  be  given.  Mr.  Kinneor  states  that  for  their  imul 
food  nothing  equals  lucerne  or  trefoil,  but  they  also  like  cabbage  leaves,  fruit,  ind 
grain.  Maize,  or  Indian  com,  better  known  as  *'  mealies,*'  they  are  very  fond  ot 
As  is  the  case  witli  cattle,  the  nature  of  the  soil  and  the  climate  must  be  caxeftillj' 
studied  if  ostrich  farming  is  to  be  carried  on  successfully.  The  birds  wiU,  of  ooone, 
live  and  to  a  certain  extent  thrive  on  grass  or  sour  veldt,  but  they  do  much  better 
on  the  "  karoo."  Here  they  find  and  take  into  their  system  the  natural  yifa^lMJ 
which  are  so  beneficial  to  their  health,  as  well  as  the  fruit  and  berries  of  Tariooi 
wild  shrubs  and  plants,  which,  with  grass  and  leaves,  form  their  chief  food  when 
in  a  wild  state.  Under  these  conditions  the  birds  grow  well  and  become  strong,  aad 
the  feathers  get  finer,  heavier,  and  more  valuable. 

In  California  the  food  is  chiefly  grass,  grain,  vegetables,  weeds,  and  plenty  of 
broken  bones  and  gravel. 

■ 

AGES,  DISTIXQUISHINO  FEATXTItES,  AND  MANAQEMENT. 

Ostriches  [says  Douglas]  are  generally  designated  as  chicks  up  to  seven  or  ejc^ 
months  old,  or  as  long  as  they  have  still  got  their  first  crop  of  feathers  on.  Fnm 
then  till  they  are  a  year  old  they  are  called  feather  or  plucking  birds. 

The  next  two  years  they  are  properly  designated  as  four  ana  five  year  old  birdB; 
but  in  advertisements  of  sales  and  prospectuses  of  companies  thev  are  often  called 
breeding  birds,  but  this  is  only  a  trick  to  swell  the  appearance  ox  the  thing. 

We  liave  heard  of  cases  of  men  buying  birds  as  breeding  birds  thinBwg  tbej 
were  laying  birds  that  had  already  bred,  and  finding  afterwards  that  they  wereonlf 
four  or  Hvo  year  old  birds  tliat  had  not  yet  bred,  and  were  consequently  only  worth 
about  half  what  they  gave.  Birds  t]iat  have  been  paired  off  in  separate  camps,  bat 
have  not  yet  bred,  are  often  called  **  camped-off  birds."  As  they  may  be  camped 
off  at  any  age  the  term  conveys  very  little  information,  though  four  years  oldie  the 
usual  age  for  camping  them  off.  After  they  have  bred  they  become  **  guaxantied 
breeders,"  and  have  clianged  their  designation  for  the  last  time. 

The  distinguishing  marks  of  the  different  ages  are  somewhat  as  follows,  though 
it  must  be  borne  in  mind  that  a  verv  forward  bh-d  of  one  a^  will  have  many  of 
the  marks  of  the  age  above  him,  while  a  backward  bird  will  have  many  of  the 
marks  of  the  age  below: 

Six  and  a  half  months  oZd. —Tlie  quill  feathers  will  be  ready  to  cut;  some  of  the 
body  feathers  will  have  begun  to  change;  some  of  tlio  cocks  should  b^;in  to  show 
black  feathers;  all  cocks  should  show  white  on  legs  and  bill. 

Twelve  vionths  oZcZ.— The  second  growth  of  quill  feathers  should  be  showing;  eome 
of  the  cocks  should  begin  to  show  black  feathers;  all  cocks  should  show  ?ndfte  in 
legs  and  bilL 
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Tkoo  years  old, — All  the  chicken  feathers  should  have  gone  from  the  back,  and 
the  cocks  should  show  quite  black  or  nearly  so.  Most  of  the  little  white  belly 
feathers  should  have  been  replaced  by  blacks  or  drabs,  according  to  sex. 

Tliree  years  old, — There  should  not  be  a  single  chicken  feather  to  be  found  on  the 
body;  the  last  place  from  which  they  disappear  is  where  the  neck  joins  the  body. 
Every  vestige  of  the  white  belly  feathers  has  ^ne.  The  bird's  plumage  has 
reached  perfection;  some  of  the  cocks  will  be  red  in  front  of  the  leg  and  on  the 
bill. 

Four  years  old.  — The  birds  have  reached  maturity.  The  breeding  organs  are  fully 
developed;  the  cocks  in  season  will  have  the  back  sinews  of  the  leg  pmk,  the  front 
of  the  leg  and  the  bill  scarlet,  and  much  of  the  fineness  of  the  feet,  the  leg,  and 
the  lines  of  the  body  will  have  gone. 

Five  years  old  and  upwards. — The  only  distinguishing  marks  we  know  are  a 
generally  coarser  look  of  the  limbs  and  body,  and  an  increasing  coarseness  of  the 
scaling  in  front  of  the  legs  and  feet.  Up  to  twelve  months  old  the  birds  should  be 
treated  as  chicks,  being  herded  and  fed  with  1  pound  each  of  either  wheat,  barley, 
or  Kaffir  corn,  shedded  in  wet  weather,  and  green  food  cut  up  for  them  when  the 
grass  is  dry.  After  this  age  they  can  be  put  in  a  large  camp,  of  not  less  than  10 
acres  to  a  bird,  of  ordinaiy  South  African  veldt,  and  left  to  shift  for  themselves; 
but  an  opportunity  should  be  selected  for  doing  this  when  the  veldt  is  m  prime 
order,  and  even  then  they  will  be  very  apt  to  take  to  hanging  up  and  down  the  fence 
nearest  the  homestead;  and  will  require  to  be  partially  herded  for  a  time  in  the 
camp.  For  the  next  two  years  they  will  require  watching,  and,  if  the  veldt  shotdd 
get  ary,  to  be  fed;  each  year  as  they  get  older  they  will  get  more  robust,  and  better 
able  to  stand  hardship  and  scarcity  of  food.  Up  to  three  years  old  they  will  often 
suffer  terribly  from  internal  parasites,  and  occasionally,  especially  if  food  is  scarce, 
require  to  be  physicked  (see  Diseases,  etc.).  If  the  fences  are  good,  once  a  fortnight 
is  quite  often  enough  to  muster  them. 

Every  farmer  should  keep  a  stock  book,  and  carefully  note  the  count  in  each 
camp.  Trusting  to  memory  is  uncertain;  a  bird  is  taken  out  for  some  reason,  or 
some  are  sold,  or  one  dies,  and  these  are  very  apt  to  be  forgotten,  and  much  trouble 
and  imcertainty  as  to  what  the  count  should  be  is  thus  caused. 

The  days  of  cutting  the  feathers  or  pullinj^  the  stumps  of  every  bird  on  the  farm 
should  be  carefully  noted  in  a  book.  If  this  is  not  done  the  feathers  will  be  very 
apt  to  be  left  a  few  days  too  long,  and  be  considerably  damaged,  or  else,  i)erhaps, 
in  a  very  busy  season  much  time  will  be  lost  by  getting  the  birds  up  to  pluck,  and 
then  finding  that  the  feathers  are  not  yet  ready. 

Every  bird  should  be  branded  with  the  owner's  imtials  in  large  letters  of  about 
4  inches.  The  branding  iron  should  not  be  more  than  an  eighth  of  an  inch 
broad  on  the  burning  ed^e.  If  many  birds  are  to  be  branded  there  should  be  three 
irons,  to  insure  their  being  red-hot.  The  birds  should  be  put  in  the  pluckmg  box, 
and  a  few  mealies  thrown  to  them  to  attract  their  attention  from  the  operator, 
when  no  holdmg  will  be  required.  The  irons  being  red-hot,  they  only  require  to 
be  applied  and  removed  almost  instantaneously,  and  then  a  dab  of  oil  shotdd  be 
put  on  the  place. 

The  mistake  that  is  generally  made  is  in  keeping  the  iron  on  too  long,  thus  de- 
stroying the  skm  and  making  a  sore. 

ROYAL  PLUMES,  PLUCKING,  AND  PROFITS. 

The  rich  plumes  of  the  ostrich  have  always  been  admired.  For 
grace  and  beauty  no  plumage  or  ornament  can  compare  with  them.  • 

Each  bird  has  25  white  plumes  in  each  wing  with  a  row  of  pro- 
tectors, floss  feathers  underneath.  Above  these  are  a  row  of  blacks 
and  still  another  row  of  shorter  feathers  which  are  black  in  the  adult 
male  and  drab  in  the  hen.  The  male  and  female  birds  can  not  be 
distinguished  by  an  ordinary  observer  until  over  two  years  of  age. 
A  single  crop  of  feathers  is  worth  $250  on  the  ground. 

The  method  of  plucking  the  birds  Mr.  Johnson  described  as  fol- 
lows: 

In  Africa  it  is  customary  for  two  or  three  white  men  to  go  into  the  corral  with 
a  half  dozen  blacks  and  run  down  the  birds  which  are  r^Mdy  to  be  plucked,  which 
was  not  only  a  waste  of  time,  but  extremely  dangerous  as  weU,  as  tney  are  terrible 
kickers,  and  the  breeders  especiaUy  are  quite  ferocious.    Here  the  moit  tpi^tyibiiff 
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plan  is,  when  it  is  necessary  to  pluck  a  breeder,  to  entice  it  into  a  littie  pil^toal 
somb  Krain,  so  that  a  stocking  may  be  slipped  over  its  head.    This  takes  awayiticav'  I 
agfi,  when  it  can  be  plucked  with  safety.    The  feather  Mrda  are  caught  in  tkepiir  *' 
dock  while  eating,  and  plucked  in  the  same  manner. 

The  birds  were  at  first  plucked  every  six  months,  but  once  in  eigki 
months  is  now  the  rule.  The  feathers  are  first  out  ofP,  and  in  abod 
two  months  the  stump  quills  are  pulled  out. 

Dr.  Sketchly  wrote: 

I  am  now  (June,  1887)  producing  about  $200  worth  of  feathers  each  perj^r- 
We  find  a  ready  sale  for  the  feathers  at  $4,  $5,  and  $6  each,  for  whinh  «a  r 
not  get  more  than  |1  in  Africa.    They  are  equal  to  feathers  sold  in  the 
and  $15  each. 

Mr.  Johnson  says: 

Plumee  have  been  very  cheap  for  two  years,  but  we  expect  them  to  be 
by  the  tmie  we  have  enough  to  make  it  an  object.    We  have  a  fine  lot  in  l^vw  *«•* 
in  process  of  dressing,    races  are  very  variable,  from  21«.  to  £15  per  pound. 

On  dressed  plumes  there  is  a  duty  imposed  of  50  per  cent,  of 
value.    The  value  of  the  exportation  of  feathers  from  Africa  i      » 
last  accounts,  the  enormous  sum  of  £1,000^000  per  animin;  ox  uiifl 
amount  it  is  estimated  that  America  absorbs  $3,000,000  at  least 

The  New  York  importers  have  long  enjoyed  a  monopoly  in  t 
business,  and  many  large  fortunes  have  been  made  b^  them. 

The  North  Africa  or  Barbary  feathers  are  superior  to  th(      of 
South  Africa,  and  command  a  nigher  price  in  the  market,    li 
American  feathers  should  prove  superior  it  will  create  a  furor  inuw 
feather  market.    From  North  Africa  there  is  a  large  ezportaticn  of 
feathers  annually,  amounting  to  about  £500,000. 

The  Barbary  feathers  are  shipped  chiefly  from  Tripoli  throuj^ 
Marseilles  to  raris  or  London.  The  feathers  before  shipment  are 
"  ropod  *'  for  the  market;  that  is,  they  are  sorted  into  ffrades,  prime 
whites,  first  whites,  second  whites,  tipped  whites,  best  rancy  colored, 
and  second  fancy  colored.  The  choicest  are  picked  out  and  sold  pri- 
vately. A  California  lady  said  that  the  finest  plumes  she  ever  saw 
were  worn  hj  ladies  interested  in  the  ostrich  farms.  The  South  Af- 
rican plume  is  characterized  by  its  breadth  of  barb,  and  each  indi- 
vidual barb  has  a  richer  floss,  but  the  barbs  not  being  set  bo  <do6e  as 
those  of  the  North  African  birds,  the  plume  has  a  tibinner  appear- 
ance. The  shaft,  though  full  as  long,  is  straighter  and  less  graceful 
than  a  Barbary  plume,  but  it  has  a  compensatory  advantage  in  bleach- 
ing to  a  far  purer  white.     (Bigger.) 

The  great  point  of  natural  beauty  in  a  feather,  in  addition  to  its 
richness  of  plumage,  is  the  graceful  curve  taken  towards  the  tip. 

To  compote  with  the  Barbary  feather  trade  the  North  African  Dirds 
are  being  imported  to  South  Africa.  When  these  become  accli- 
mated the  Capedealers  hope  to  export  ^Hhe  finest  quality  of  feathers 
in  the  world." 

It  may  interest  the  reader  to  know  that  this  venture  in  ostrich 
farming  in  America  is  watched  with  great  interest  by  ostrich  farmers 
generally. 

The  united  testimony  of  those  competent  to  jndge  is  that  the 
American  birds  are  larger  and  finer  than  their  African  progeniton* 

Mr.  Johnson  writes: 

Compared  with  the  African  progeny,  our  California  ohicks  are  Bapsrior  to  HMMk 
that  I  saw  in  Africa.  They  are  larger ,  more  vigorous,  and  of  better  plomagei  owing 
doubtless  to  better  care.  We  expect  our  troop  to  increase  rapidly  when  our  GUr 
foriuH  birds  are  old  enough  to  breed,  but  not  before. 
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Dr.  Sketchly  writes: 

We  have  now  (Juno  8,  1887)  a  number  of  young  birds  of  all  ag6ii»  from  two  days 
to  seven  months,  liatched  here.  The  seven  months  birds  are  much  larger  and  finer 
than  any  birds  I  have  seen  m  Africa  of  the  same  a^. 

This  climate  is  very  similar  to  that  of  Soutib  Africa,  and  the  constant  supply  of 
^e^n  food  afforded  all  the  year  vrill  make  this  vicini^  one  of  the  most  important 
^n  California  in  the  near  future. 

This  industry  is  yet  in  its  infancy,  but  it  will  soon  become  a  most  important  one. 
In  Africa  ostrich  farming  is  only  twenty  years  old,  and  it  is  the  third  in  importance  at 
the  present  time  in  that  country. 

The  diamond  mines  and  sheep  farming  have  outranked  it,  but  it  is  estimated  that 
the  ostrich  industry  will  soon  take  first  place. 

The  general  utility  of  the  ostrich  makes  it  a  bird  of  great  promise. 
The  turkey  is  a  Thanksgiving  bird,  but  the  ostrich  might  properly 
be  a  New  Year  or  an  Easter  one. 

OSTRICH  EQQS  AND  MEAT  AS  CHOICE  FOOD. 

Ostriches  can  be  utilized  as  food,  and  may  come  to  rank  high  as 
an  article  of  diet  when  so  numerous  as  to  be  profitable  in  that  di- 
rection.   The  egg  has  been  regarded  as  a  rare  aelicacy  in  Africa. 

The  following  report  from  my  scientific  friend  will  be  read  with 
interest : 

San  Dieoo,  May  19,  1S87. 

Dear  Doctor  Dttncan:  Regarding  the  value  of  the  ostrich  egg  as  food  I  have 
no  information  except  that  derived  from  my  own  observation,  which  has  been 
limited. 

I  was  invited  by  Mr.  Johnson  to  a  lunch,  at  which  an  omelet  made  of  one  egg  was 
served  for  eight  of  us,  and  it  was  sufficient  for  all. 

I  could  see  no  difference  between  it  and  tliat  prepared  with  hen*s  effgs. 

I  was  then  presented  by  Mr.  Johnson  with  one  eeg^  the  contents  or  which  I  re- 
moved, amounting  to  40  fluid  ounces.  I  divided  it  between  two  fanuhes  and 
partook  witli  one  of  them  of  the  e^g  scrambled.  The  other  family  prepared  it  in 
some  usual  way  and  used  a  part  of  it  for  making  a  cake.  None  of  us  could  notice 
any  difference  between  it  and  the  egg  of  the  hen. 

I  confidently  expected  to  find  some  distinguishing  quality,  but  found  none  of  that 
strong  llavor  that  characterizes  the  egg  of  the  duck  and  goose.    I  could  find  no 
reason  for  concluding  that  it  was  inferior  in  any  respect  to  the  egg  of  any  other 
bird  or  fowl  in  respect  to  flavor  or  nulxitious  quality. 
Yours,  fratemaUy, 

O.  W.  Babnss,  M.  D. 

When  an  ostrich  in  South  Africa  is  killed,  from  accident  or  other  oaoses,  every 
part  of  the  bird  is  utilized.  The  first  step  is  to  remove  the  skin  so  as  to  preserve 
the  feathers  iminjured.  The  next  is  to  mcdt  the  fat,  which  is  poured  mto  bags  made 
of  the  skm  of  the  thighs  tied  at  the  lower  end. 

The  grease  or  fat  or  the  bird  in  good  condition  will  fill  the  skin  of  both  legs, 
wliich  hold  about  4  gallons;  not  onry  is  it  eaten  with  bread  and  used  in  the  prep- 
aration of  ''kookoosoo"  and  other  foods,  but  the  Arabs  regard  it  as  a  useful  ap- 
Elication  in  certain  maladies.  In  all  cases  of  rheumatism  or  acute  pains  it  is  used 
7  being  well  rubbed  in,  and  then  the  affected  parts  are  covered  with  heated  sand. 

Those  wlio  have  tasted  ostrich  meat  state  that  itis  botii  wholesome  and  palatable, 
altliough  as  might  be  expected  in  the  wild  bird  it  is  somewhat  lean  and  tough. 
When  the  birds  have  been  domesticated,  however,  and  fed  on  lucerne  (clover)  and 
grain  the  meat  becomes  juicy  and  tender. 

Notwitlistanding  its  prohibition  by  the  Jewish  legislator,  tt  would  seem  that 
ostrich  meat  was  not  unf  roquently  consumed  in  olden  times. 

Firmus,  one  of  the  kings  of  Egypt,  it  is  said,  used  to  dine  off  ostrich,  and  ac- 
cording to  Lampridius,  the  Emperor  Heliogabalus  on  the  occasion  of  a  great  feast 
caused  the  brains  of  six  himdred  ostriches  to  be  served  up  in  one  dish.  It  is  related 
of  Leo  Af  ricanus  that  he  partook  of  ocrtrich  meat  in  Numidia,  where  it  is  said  young 
ostriches  were  then  fattened  expressly  for  the  table. 

Strabo  gives  a  curious  account  of  the  Strutho-phagus,  a  black  tribe  on  the  upper 
Nile,  who  himted  and  lived  upon  cstnches  and  olflined  thoanselvss  with  the  sons 
of  Che  birds. 
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A  recent  observer,  Canon  Tristam,  has  remarked  that  the  Arabs  of  the  praok 
da^  eat  ostrich  moat  and  that  he  himself  has  tasted  it  and  found  it  palataUe.  Hk 
opmion  is  shared  by  Hartmann  (Journal  ttir  Omithologie). 

Mr.  John  Parkes,  of  Wheatland,  Cape  Colony,  reports  that  in  1875  he  had  a  tnxn 
of  ostriches  feeding  in  veldt;  an  antelope  suddenly  jumped  up  amon^  them  ana 
they  took  to  flight.  While  running  at  full  speed  one  of  tne  birds  put  hu  foot  into 
a  hole  and  broSe  his  leg;  the  poor  bird  lav  there  all  niffht  and  next  morning  Xr. 
Parkes  brought  it  to  tiie  homestead  in  his  cart.  Finding  it  impoodble  tu  set  the 
bone  the  bird  was  killed  and  the  meat  converted  into  steaks  and  ''biltong."  Itwu 
said  to  *'eat  just  like  young  beef,  juicy  and  tender,  with  just  a  suspicion  of  simrt' 
ish  flavor,  usually  undiscoverable  in  beef."* 

So  long  as  the  present  value  of  ostrich  feathers  is  maintained  it  is  not  likely 
many  birds  will  be  killed  for  the  sake  of  the  meat  alone. 

Even  the  skeleton  of  an  ostrich  commands  a  good  price  for  public  muaemni 
Professor  Ward,  of  Rochester,  we  understand,  asks  |125  for  a  full  mounted  ortrich 
skeleton. 

GENERAL  UTILITY  OF  THB  OSTRICH. 

Experiments  have  been  made  from  time  to  time  with  a  view  to  test  the  capolality 
of  the  ostrich  in  drawing  and  canying  burdens.    According  to  Montaigne,"  L*!^ 
pereur  Flrmus  fait  mencr  son  coche  a  des  autruches  de  merveilleuse  grandeur 
mani^re  qu'il  semblait  plus  voler  que  rouler,"    (**  Essais"  liv.  iii,  chap,  vl.) 

Dr.  Sparrman,  a  century  ago  (1^75),  saw  mounted  ostriches  at  the  Cape;  and  b^ 
fore  him  Moore  had  recorded  his  having  seen  an  Englishman  at  Joar  traveling  1 
distances  upon  a  bridled  ostrich.    (Travels  in  Africa.)    Adanson  sneaks  of  the  k 
and  rapidity  with  which  a  large  tame  ostrich  ran,  first  with  two  little  blacks,  fcuu 
then  with  two  full  grown-negroes  on  its  back,  while  a  smaller  bird,  with  equal 
facility,  carried  a  single  full-grown  man.    (Voyage  to  SenegaL)— (HARTlNa.) 

The  late  Mr.  Bly th  informed  Mr.  Harting  that  ostriclies  from  North 
Africa  are  frequently  offered  for  sale  in  Calcutta,  and  that  he  saw 
some  years  ago  in  the  gardens  of  the  Maharajah  of  Burdwan  one 
mounted  by  a  boy.     In  the  Jardin  d'Acclimatiation  in  Paris  at  the 

S resent  day  the  keeper  may  occasionally  be  seen  amusing  himself  by 
riving  a  little  car  drawn  by  an  ostrich. 

When  domesticated  in  Texas,  as  they  doubtless  soon  will  be,  we 
expect  to  hear  that  the  cow-boys  utilize  ostriches  in  herding  cattia 
Their  fleetness  should  make  them  excellent  mounts  for  scouts  and 
couriers. 

OSTRICH  FARMING  AT   OTHER  POINTS. 

From  the  examples  already  given  of  successful  acclimation  out  of 
Africa  it  is  evident  that  ostrich  farming  can  be  pursued  with  suc- 
cess elsewhere  than  in  the  bird's  native  land.  M.  Mosenthsd  thinks 
that  **  the  southern  provinces  of  Russia,  Spain,  It«Jy,  New  South 
Wales,  and  some  parts  of  South  America  and  of  the  Southern  United 
States  oflfer  to  a  great  extent  many  of  the  conditions  which  experi- 
ence has  shown  to  be  requisite  for  breeding  and  successfully  domesti- 
cating this  giant  bird.'' 

Ostrich  raising  has  taken  a  firm  hold  of  South  America. 

With  the  first  importation  to  the  United  States  came  a  troop  of 
nearly  200  birds  that  were  landed  at  Buenos  Ayres,  and  we  learn  that 
the  industry  is  now  growing  rapidly. 

The  rhea  flourished  in  that  section  even  as  far  south  as  Patagonia, 
and  doubtless  the  Struthio  camelus  will  prove  equally  as  prolific 
when  it  once  becomes  fully  acclimated. 

The  pampas  of  South  America,  like  the  plains  of  Texas  and  New 
Mexico,  so  closely  resemble  the  **  Karoo"  of  South  Africa  fhat  os- 
triches sliould  do  as  well  there  as  on  their  native  heatlis. 

*Moseiithal  &  Hartuxo;,  Ostriches  and  Ostrich  Farmings  pb  Sflt 
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Mr.  Johnson  says : 

From  ray  knowledge  of  ostriches  and  their  needs  I  believe  that  in  Arizona,  New 
Mexico,  Texas,  and  Georgia  favorable  localities  can  be  found  for  them,  and  that  a 
great  part  of  old  Mexico  is  especially  stdtable. 

Whether  ostrich  farming  will  succeed  in  other  parts  of  America 
time  and  experiment  alone  will  tell.  The  ostrich  is  a  tropical  bird, 
but  will  endure  a  great  deal  of  cold.  An  emu  imported  to  England 
seemed  none  the  worse  for  the  change  ;  but  the  habit  of  these  south- 
equatorial  birds  to  begin  to  lay  in  the  winter  months  subjects  the 
chicks  to  too  rigorous  weather.  Possibly  when  they  become  accli- 
mated so  that  they  will  lay  and  hatch  in  the  hot  months  they  may  be 
found  to  flourish  even  in  the  more  northern  States.  Texas  and  the 
Southwest  would  seem  an  inviting  field,  but  even  there  the  birds 
should  be  protected  both  from  the  cold  northers  and  the  winds. 

INVITATIONS  FROM  MEXICO  AND  GUATEMALA. 

There  has  recently  been  organized  in  California  a  company  with 
$1,000,000  capital,  called  the  Central  America  and  Guatemala  Ostrich 
Company,  to  push  this  industry  in  a  new  field.  The  Government  of 
Mexico  has  ofliered  them  a  grant  or  concession  of  32,000  acres  of  land, 
besides  a  subsidy  or  bonus  of  $200  for  each  bird  three  years  old,  up 
to  the  number  of  two  hundred.  I  am  informed  that  the  Government 
of  Guatemala  has  been  equally  generous  towards  this  industry. 
Tliose  countries,  it  is  believed,  are  especially  adapted  to  the  raising 
of  ostriches. 

The  chief  obstacle  in  the  management  of  these  birds  in  California 
is  the  large  expense  for  land  rent  and  help.  An  ostrich  farmer,  Mr. 
Burkett,  writes: 

As  rep^ards  profits,  if  you  get  land  cheap  and  labor  cheap  there  is  no  more  exi>ense 
tlian  in  keeping  fowls,  and  the  profits  would  be  enormous;  but  we  pay  $40  per  acre 
per  year  for  tlie  land,  and  $40  per  month  and  board  to  a  man.  Of  course  tnat  is  a 
great  item. 

With  such  a  lar^e  grant  of  land  free,  and  labor  cheap,  as  it  is  in 
Mexico  and  Central  America,  this  company  starts  out  well,  and  should 
make  a  profitable  business  of  it, 

PRESENT  PBJCES  OF  OSTRICHES. 

Mr.  Berkeley,  a  Cape  Town  dealer,  writes  (February,  1888): 

As  to  prices,  they  vary  from  £10  to  £80  per  bird,  according  to  quality, age,*  etc., 
the  proved  breeding  birds  of  course  being  the  most  expenstve.  K  you  import  any 
chickens  I  would  not  advise  you  to  ship  them  too  young,  aa  they  need  great  care. 
I  sliould  recommend  a  few  pairs  of  breeding  birds  and  a  few  birds  over  and  above 
a  year  old,  say  up  to  two  years.  The  boxes  for  them  should  be  nicely  i)added,  as 
chafing  often  causes  death. 

Notwithstanding  the  low  prices  quoted,  Mr.  Burkett,  who  imported 

a  number  recently,  says: 

It  is  very  risky  and  very  expensive  bringing  them  from  Africa.  Mine  cost  me  as 
near  as  possible  $500  per  bird;  then  I  had  several  that  died,    I  believe  that  you  can 

buy  them  very  cheap  here. 

It  may  interest  some  parties  to  know  that  an  African  ostrich  dealer 
offered  to  buy  choice  proved  breeders  and  accompany  the  birds,  pro- 
vided his  expenses  were  paid  by  steamer  and  back  to  Natal,  with  a 

*He  must  refer  to  young  bMi.— 4.  OL  Dr 
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remunoration  of  say  £16  a  montli.  I  presume  that  arrangei 
could  be  made  with  exporters  to  deliver  oirds  in  Amezica  for  a 
price. 

It  will  be  seen  that  the  price  of  birds  is  now  mnch  lower  in  A 
than  a  few  years  ago.  From  the  fine  crop  of  birds  in  Califor 
selection  could  doubtless  be  made  for  any  new  farms  that  mig 
started.  A  troop  of  twenty  f  ull-^own  birds,  breeders,  was  off  ere 
writer  at  the  uniform  price  of  $350  each.  This  was  below  cost 
the  party  was  anxious  to  return  to  England.  Choice  birds, 
choice  imported  stock,  command  good  prices.  The  owner  of  s 
lific  pair  m  Africa  refused  repeatedly  £1|0(X)  for  thenu 

Mr.  Johnson  says: 

I  can  furnish  two-year*old  birds  at  $500  each,  six  months  birds  at  t^OO  eac 
eggs  at  $25  each. 

Dr.  Sketchly  says: 

We  do  not  propose  to  sell  any  chicks  at  present,  hut  could  disixMe  of  a  fei 
of  breeders  at  from  $1,000  to  $2,000  per  pair. 

There  is,  as  we  have  seen,  certainly  great  risk  in  this  bnsinesi 
it  would  seem  that  it  is  one  that  the  GTovemment  shoxild  encoi 

Note. — Since  the  above  was  written  we  learn  that  other  farms  are  otga 
Ostrich  raising  is  an  industry  of  promise,  and  is  destined  to  receiTe  prlTatc 
State  or  national  encouragement.  The  limits  of  this  article  necessitate  thi 
sion  of  much  interesting  information  collected  by  the  writer. 
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Forestry  Congress,  American,  action  for  forest  preservation,  601;  meeting  at  At- 
lanta, Ga.,  602. 

Forestry  Division,  report  of,  597;  technological  investigations  by,  618. 

Forestry  interests  in  the  States,  598. 

France,  hog  cholera  in,  172;  distribution  of  land  in,  469;  farms,  number  and  size  of, 
in,  1882,  470;  hop  production,  1883  to  1886,  473. 

Fruits,  native  and  introduced,  W.  H.  Raoan,  675. 

Fungus  diseases  of  the  vine,  33. 

Fungus  diseases  of  plants,  immense  losses  from,  84;  need  of  a  station  for  the  study 
of,  34. 

Fungi  of  grasses,  report  on,  by  F.  W.  Ain>EBSON,  826. 

G. 

Galloway,  B.  T.,  report  of  section  of  Vegetable  Physiology,  825. 

(iardens  and  Grounds,  work  of  Division  of,  85. 

Germany,  hop  production  of,  1883  to  1887,  473. 

Glanders,  156;  etiology  of,  206;  diagnosis  of,  210;  animals  susceptible  to,  211,  214; 
guinea-pigs,  inoculation  with,  211,214. 

Grape  leaves,  septosporium  on,  381. 

Grajxj  scale,  135. 

Grape  vine,  report  on  black-rot,  83, 334;  diseases,  treatment  of,  826. 

Grapes,  wild,  monojn*aph  on,  by  Pomological  Division,  46. 

Graphic  method  of  illustrating  crop  production,  81. 

Grasses,  best  for  the  South,  32. 

Grasses  and  forage  plants,  experiment  station  for,  established,  32. 

Grasses  and  weeds,  305;  Reimaria  oligostachya,  805;  Paspafum  vaginatum^  P,  dU- 
tichumj  Setaria  viridis  (green  foxtail),  306;  Oplismenua  aetariua,  Beckmannia 
erucceformis  (slough  grass)  Anthenantia  rufa^  307;  Amvhicarpum  Parshii^ 
I^ersia  Virginicay  Poa  aiidiiia,  308;  Agropyrum  ^toucum  (Colorado  blue-stem), 
Plantago  Patagonica  (Western  plantain),  3()9;  Lygodeamiajuwxa,  Sokmum  tri' 
florum  (wild  potato),  310. 

Groat  Britain,  hop  production,  1885  to  1888,  472. 

Guinea-pigs,  inoculation  of  glanders  in,  211,  214. 


Hay,  acreage,  product  and  value,  1880  to  1887,  420;  crop  of  1887,  by  States,  480; 

value  per  ton,  crop  of  1887,  by  States,  431;  yield  per  acre  of,  .1887,  481;  value 

per  acre,  1887,  by  States,  432. 
Hogs,  price,  different  ages,  by  States,  January  1,  1889,  488;  number  and  value,  by 

States,  January  1,  1889,  440;  receipts  and  shipments,  Western  markets,  1875  to 

1888,  448;  receipts  at  sea-board  cities,  1875  to  1887,  448. 
Uog  cholera,  investigations  of,  156;  prevention  of,  166;  sources  of  infection,  166; 

Laws  concerning,  160;  means  of  disinfection,  163;  treatment  of,  165;  in  Sweden 

and  Denmark,  168;  in  France,  172;  bacilli,  attenuation  by  heat,  175. 
ll()l)s,  Euroj^ean  production,  473. 
Hop  plant-louse,  93;  history  of,  94;  experiments  with  remedies,  potash,  soda,  Paris 

green,  tobacco,  103;  kerosene  emulsion,  paraffine  emulsion,  104;  quassia,  105; 

soaps,  106. 
Horses,  price,  different  ages,  by  States,  Januaiy  1, 1889, 487;  number  andvalne,  l^ 

States,  January  1,  1889, 439;  losses  during  i88S-'89,  by  States,  443. 


Imports  and  exports  of  forest  products,  1878, 1888,  fXL 

agricultural,  1887  and  1888,  458. 
India,  wheat  crop  of,  1887-88,  by  provinoeSy  4QL 
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Infection  in  hog  cholera,  156. 

Insect  Life,  a  i)eriodical  bulletin  of  the  Entomological  Diviaian,  60. 

Insecticides,  machines  for  applying,  107;  spray  machineo,  trial  of,  109. 

Insects,  identification  of,  aided  by  bulletin  XTX,  EntcunolQgical  Divisioii,  51 

Inspection  of  animals  by  Bureau  of  Animal  Industry,  17. 

Iowa,  investigation  of  swine  diseases  in,  193. 

Irrigation,  jield  jxjr  acre  of  land  under,  in  Victoria,  469, 

J. 

Japan,  agricultural  and  miscellaneous  statistics  of,  454i 

K. 

Kansas,  laws  concerning  swine  disease,  150. 

Kenner,  La.,  analysis  of  sorghum  plaut  at,  22;  manufacture  of  aorghum  mgvati 

King,  W.  M.,  report  of  Seed  Division,  643. 

L. 

Laboratory,  new,  needed,  45. 

Land  laws,  Australian,  466. 

Lard,  i)liyKical  and  chemical  properties  of,  237. 

Lard  and  its  adulterations,  234. 

Lard  industry,  statistics  of,  248. 

Lard,  stearine,  236. 

Leaf -blight  of  the  pear,  357. 

Leaf -rust  of  cottonwoods,  800. 

Lime  as  a  disinfectant  in  hog  cholera,  163. 

Live-stock,  numbers  and  values,  January  1, 1889, 484;  price  of  different  nlissTfl,  IM 

to  1889,  437:  commercial  movement  of,  446;  number  in  Australasia  408^ 
Locust,  Rocky  Mountain,  investigation  of,  20.  ' 

Louse,  hop-plant,  19,  93;  remedies  for,  102. 

M. 

Mammalogy  and  Ornithology,  Division  of,  86, 477. 

Maple,  leaf -spot  disease  of,  383. 

Maryland,  extirpation  of  plouro-pneumonia  in,  150;  investigatioh  of  swine  dfsft*** 

in,  179, 204. 
Mrrriam,  C.  Hart,  report  of  Division  of  Ornithology  and  ItlammalQgy  477. 
Metal  tics  for  railroads,  625.  * 

Michigan,  forestry  interests  of,  600. 
Microscopist,  report  of  the,  559. 
Migration,  bird,  in  Mississippi  Valley,  bulletin  on,  36. 
Montana,  fungi  of,  33;  pastoral  resources  of ,  311;  mining  and  stock-raisinff  in  813; 

general  features  of,  312;  climate  of,  315;  native  grasses  of,  817.  * 

Mulf'8,  price,  different  ages,  by  States,  January  1, 1889, 437;  number  «.tiH  value  bv 

States,  January  1, 1889. 439.  '  ^ 

MUKTFELDT,  M.  E. ,  ontomological  notes  for  1888, 133. 
Mustard,  white,  adulteration  of,  561 ;  black,  562. 

N. 

Nebraska,  act  to  prevent  spread  of  hog  cholera,  lOO;  report  on  insects  of  h,  BBXh 

NER,  139.  ' 

Netherlands,  hop  production,  1883  to  1880, 473. 

O. 

Oats,  crop  of  1888,  by  States,  416  ;  acreage,  product,  and  value,  1880  to  1888, 417  •  crop 
of  1887,  by  States,  428  ;  value  per  bushel,  crop  of  18^7,  by  States,  481 1  yind  Mr 
acre  of,  1887,  by  States,  431 ;  value  per  acre,  1887,  by  States,  489. 

Oil,  cotton-seed,  physical  and  chemic^il  properties  of,  241. 

Oleo-stearine,  237. 

OUve,  effoi-ts  to  introduce  and  proi)agate  in  the  United  States,  85. 

Ornithology  and  Mammalogy,  Division  of,  86 ;  report  of  Divikiofl  <|C94llf • 

Ostrich  farming  in  America,  report  on,  by  T.  L.  DUNOAlTi  QW, 
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p. 

Pacific  coast,  introduction  of  pheasants  on,  484. 

Paris  Exposition,  part  taken  in,  by  the  Department,  48. 

Paris  CTeen,  use  of,  to  destroy  plum  curcuuo,  70. 

Pathology,  vegetable,  work  of  section  of,  83  ;  report  of,  825, 

Peach  yellows,  investigation  of,  35 ;  report  on,  893, 

Pheasants  introduced  on  Pacific  coast,  484. 

Pear,  leaf -blight  and  cracking  of,  857. 

Pennsvlvania,  extirpation  of  pleuro-pneumonia  in,  149* 

Pine,  white,  the  cut  of,  1888, 639. 

Plant  material,  distribution  of,  597. 

Plum  curcuJio,  57  :  habits  of,  59  ;  remedies  for,  04. 

Plum  pockets,  366. 

Pluero-pneumonia,  investigation  of,  by  Bureau  of  Animal  Industry,  14,  ;  prevalence 

of,  15 ;  report  on,  bv  D.  E.  Saj-mon,  145 ;  in  New  York,  147 ;  in  New  Jersey,  148 ; 

in  Pennsylvania,  149;  in  Maryland,  150  ;  in  Illinois,  15d ;  in  Virginia,  161. 
Poisoning  noxious  birds,  experiments  in,  36. 
Polariscope,  new,  564. 
Pomology,  Division  of,  44  ;  work  of,  565. 
Pomologist,  report  of,  565, 
Potatoes,  acreage,  product,  and  value,  1880  to  1887, 420 ;  crop  of  1887,  by  States,  430 ; 

yield  per  acre  of,  1887,  by  States,  431 ;  value  per  acre,  1887,  by  States,  433. 
Prevention  of  hog  cholera,  156. 
Pubhcations  of  the  Department  for  the  year,  49. 

Q. 

Quarantine,  United  States  cattle,  219. 

A. 

Rain-fall  during  crop  years  1887  and  1888, 407;  relation  to  wheat  yield  in  New  South 

Wales,  1882  to  1887,  469;  and  forests,  603. 
Rio  Grande,  N.  J. ,  experiments  at,  in  manufacture  of  sugar,  850,  268. 
Roads,  good,  importance  of,  to  agricultural  interests,  47. 
Rocky  Mountain  locust,  20. 
Rockv  ^lountain  region,  forest  conditions  of,  42. 
Rye,  'acreage,  product,  and  value,  1880  to  1887,  417;  crop  of  1887,  by  States,  428; 

value  per  bushel,  crop  of  1887,  by  States,  431;  yield  per  acre  of,  1888,  by  States, 

4ol;  value  per  acre,  1887,  by  States,  432, 

S. 

Scale,  fluted,  original  home  and  identity,  80;  geoffraphioal  distribution,  88;  food 
plants,  84;  natural  enemies,  85;  importation  of  paraaitti  from  Australia,  89; 
remedies,  92. 

Scale  insects,  report  on  methods  of  destroying,  by  D.  W.  Ck>QniLLBTT,  128. 

Seed  Division,  work  of,  38;  report  of,  by  W.  M.  KINO,  043, 

Seed  distribution,  should  be  transferred  to  experiment  stations,  40. 

Sheep,  price^  different  ages,  by  States,  January  1,  1889,  438;  number  and  value,  by 

1;  losses  during  1888-89,  by  States,  445;  receipts  at 


States,  January  1,  lo89,  440; 

sea-board  cities,  1875  to  1887,  447;  receipts  and  ghipments,  Western  miurkets, 

1875  to  1888,  447. 

Silk  culture,  experiments  by  the  Department,  21;  exhibit  at  Cincinnati  Exposition, 
22;  report  on,  by  PHILIP  Walkkb,  111;  distribution  of  silk-worm  eggs,  ill;  pro- 
duction of  cocoons  in  United  States,  1888, 113:  co-operating  organ^tions,  115; 
ap])aratu3  for  washing  eggs,  116;  scientific  testing  of  cocoons,  116;  apparatus 
for  testing,  118;  cocoon  volumeter,  119;  reel  for  testing,  130;  purity  of  race  in 
silk-worms,  121. 

Silk  industry,  experiments  in  regard  to,  31;  need  of  protection,  65, 

Silk  reeling,  experiments  in,  54;  effect  of  foreign  competition,  55. 

Silk-worms,  (sec  Silk-culture). 

Sor^^hum  plant,  analysis  of,  22;  sugar  from,  34;  application  of  diffusion  prooeflB,  36; 
limit  of  region  of  successful  growth,  26;  variability  of,  37;  compariaoil  Ot  YSr 
rieties,  291;  advantages  over  sugar-cane,  394;  crosses,  395. 

Sorghmn  sugar,  manufacture  of,  349,  371;  factory,  259. 

Sparrow,  Engli^,  bulletin  on,  80. 
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Spraying-pumps  and  bellows  for  treating  fungi,  84. 

Squirrels,  ground,  investigation  of,  87. 

Stations,  experiment,  8;  list  of,  547. 

Statistical  Division,  29. 

Statistician,  report  of  J.  R.  Dodoe,  as,  405. 

Statistics,  agricultural,  29;  Division  of,  work  and  methods,  474. 

Stearine,  286;  oleo,287. 

Sterling,  Kans.,  experiments  at,  in  manufacture  of  sugar,  250,  257, 287. 

Sugar,  experiments  m  the  manufacture  of,  28;  amount  paid  for,  28;  limited  area  m 

which  sugar-cane  can  be  grown,  24;  maple  sugar,  24;  ezpeiiment  station,  need 

of,  27;  report  of  W.  C.  Stubbs,  278;  Egyptian  product,  1877  to  1887, 464- 
Sugar,  beet,  successfully  made  on  the  Pacinc  coast,  24. 
Sugar-beet  industry,  24;  progress  of,  801. 
Sugar-cane,  treatment  bv  diffusion  process,  268. 
Sugar  factory,  points  to  be  considered  in  building  a,  259;  cost  of,  262. 
Sugar,  sorghum,  manufacture  of,  249;  at  Rio  Grande,  N.  J. ,  250, 268;  at  Kenner,  La., 

258, 278;  at  Conway  Springs,  Kans. ,  254, 280, 284;  at  Douglass,  Kans. •  256. 278:  at 

Sterling,  257. 287. 
Swine  diseases,  investigations  of,  17;  in  Iowa,  198;  inMarylandy  179;  in  Vix^inia,208. 
Swine-plague  bacteria,  biology  of,  200. 

T. 

Taylor,  Thomas,  report  of  the  Microscopist,  559. 

Technological  investigations  by  the  Forestry  Division,  618. 

Temperature  during  crop  years  1887  and  1to8,  407. 

Teosmte  seed,  value  of,  89. 

Tobacco,  acreage,  product,  and  value,  1880  to  1887,  420;  crop  of  1887,  by  States,  480; 
value  per  pound,  crop  of  1887,  by  States,  481;  yield  per  acre  of,  1888.  by  States, 
431 ;  value  per  acre,  1887,  by  States,  432.  '' 

Tomatoes,  injury  by  boll-worm,  investi^tion  of,  141. 

Transportation  rates,  report  of  Statistician  on,  448. 

Treatment  of  hog  cholera,  165. 

Tree-planting  machine,  637. 

Tropical  seeds  and  plants,  distribution  in  the  South,  85. 

Truck-farming,  report  on,  J,  K.  Reeve,  668. 

U. 

United  States  cattle  quarantine,  219. 

V. 

Van  Deman,  H.  E.,  report  of  the  Pomolo^fist,  565. 

Vasey,  George,  report  of  the  Botanical  Division,  305. 

Vegetable  pathology,  section  of,  83;  experiment  station  needed  in  connection  with, 

34;  report  of,  325. 
Virginia,  extirpation  of  pleuro-pneumonia  in,  151;  swine  plague  in,  208. 

W. 

Wheat,  acreage,  product,  and  value,  1880  to  1888,  416;  crop  of  1887,  by  States,  428; 
crop  of  1888,  bv  States,  415;  value  per  bushel,  crop  of  1887,  by  States,  481;  yidd 
per  acre  of,  1888,  by  States,  431;  value  per  acre,  1887,  by  Stetes.  482;  Austnl* 
asian  crop  and  supply,  467;  Indian  crop,  1887-'88,  by  provinces,  472. 

White  pine,  the  cut  of,  1888,  629. 

Wlley,  H.  W.,  report  of  Chemical  Division,  221. 

Wood  and  wood  uianufactiires,  imports  and  exports  of,  between  f^^^fi^n  ^y»<^  the 
United  States,  627. 

Wool,  Australasian  exports,  1872  to  1885, 468;  Australasian  produot  and  Yalne.  IflMi 
468. 
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